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On August 31, 1977, the Cost Analysis Improvement Group (CAIG),

which is responsible for poliﬁy and guidance for cost analysis in the Department
of Defense {POD), issued a memorandum which contained an operating and support
£04&S) cost element structurg (CES) for tactical air-launched missiles, to be
used in all Defense System Acquisition Review Council -¢(DSARC) reviews and other
missile cost analyses. Accordingly, the Rescurce Analysis Group (Op~96D), whtéwv

is responsible for independent cost analysis within the Navy, tasked Administra-

tive Sciences Corporation to undertake a study.and accomplish the following .

objectives:

1. develop and coordinate a Navy air-launched missile operating E
and support cost element structure,

2. discover data sources and gather available data, é
3. develop cost-estimating relationships, and

4. document the effort in a repert that can be used as a handbook
or guide for Navy air-lauvached missile 0&S5 cost analyses.

-

The CES which was developed contains sixteen cost elements which define
and encompass the same activities described in the CAIG memorandum. Each cost
element i1s discussed in detail in the body of this report, including the following
information:

1. a definition;

2. a discussion of the activiciy, points of contact, histori-zal
data, and sources for planning data;

3. a cost-estimating relationship (CER) including computational
procedures; and,

4, an exaxcle calculation.
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All pertinent data which was collected during the study is in-
cluded tﬂ~{hierreport; as well as examples of Navy documents which can be
used for cost estimating in the future. Each source is identified by a point

of contact and a DOD telephone number. All explanatory variables which were

-

employed in the study, whether used in a €BR or not, are also included.

These data should be helpful for future CER development.
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This report presents the work done by Administrative Sciences
Corporation for the Resource Analysis Staff (Op-96D) under contract N0OOQOQl4-
77-C~-0180, in the area of Navy air-launched tactical missile operating and
support (0&S) costs. The objectives of the effort were to:

1) develop a Navy air-launched missile operating and support
cost element structure (CES),

2) discover data sources and gather available data,
3) develop cost-estimating relationships and,
4) document the effort in a report that can be used as a

handbook or guide for Navy air-launched missile 0&S
nrost analyses.

The CES which is shown in Exhibit I-1 captures exactly those costs

defined by the Cost Analysis Improvement Group (CAIG). It was coordincted

*with the Air Force and is identical at the major topic level with the Air

Force tactical air-launched missile CES. Each element is discussed in detail
in the body of the report including the identification and discussion of data
sources. The raw data is contained in Appendix C. Cost estimating relation-
ships were developed for every cost elerent for which the data were amenable.
For other cost elements, cost factors and/or examples of recent cost history

are provided. Th=: factors from the Navy Resource Model (NARM) Program Factors

Manual are included to provide an estimating methodology for the elements which

ara of an indirect nature; e.g., Base Operating Support, Personnel Support.
Cost elements which usually comprise the bulk of 0G4S costs and the

associated ''cost drivers' are accorded special emphasis in the discussicn, the

data and the CER's. 1In the case of depot maintenance, two different CER's are
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EXHIBIT I-1
NAVY OPERATING AND SUPPORT COST ELEMENT
STRUCTURE FOR AIR-LAUNCHED MISSTLES

Appro- Budget Accounting
priation Category! Claimant? Visibility’®

o QOperations

0 Rl A ot bt bbb . i Sl bl b il MM

3 1. Handling and Inspection MPN CINC A

A 2. Operational Training MPN, O&MN CINC, NAVAIR A, D/A
4 NAVSEA

p 0 Below=-Depot Maintenance

3 3. Organizational/AIMD Maint. MPN, O&MN OP-01, NAVAIR A

2 4. Intermediate Maintenance O&MN 7/a/2 NAVAIR 4104 D

o Installations Support

3 5. Base Operating Support MPN, O&MN CINC, NAVAIR I

b

r o Depot Maintenance . NAVSEA

é 6. Depot Maintenance O&MN 7/472 NAVAIR 4104 D

é o Depot Supply and Technical Support

3 7. Supply Depot Ops O&MN 7/E/1,2,3 NAVSUP A/l

; 8. Technical Support

: Fleet Support 0&MN 7/4/2 NAVAIR 4104 D

: Engineering Support O&MN 7/A/2 NAVAIR 4104 D

¥ Quality Evaluation O&MN 7/4/4 NAVAIR 4104 D

£ Program Management MPN, O&MN NAVAIR D/A

E o Second Destination Transportation

: 9. Transportation 0&MN 7/E/3 NAVSUP A

- 10. Receipt, Segregation, Storage O&MN, MPN 7/B/1 NAVSEA 04J A

3 & Issue

F‘ o Personnel Support Training

?

‘ 11. Replacement Training MPN,0&MN  8/A/2,2/E CNET A/l

E 12. Health Care MPN, O&MN BUMED 1

E 13. Personnel Support MPN, O&MN 0r-01 I

. o Sustainiag Iuvestments

P 14. Replenishment Spares WPN 2 NAVAIR 412 D/A
15. Modifications WPN,0&MN  2,7/A/2 NAVAIR 412 D
16. Replenishment Ground Support WPN NAVAIR 4104 A

Equipment

Lmtia Lol s aled

LR

; 17/A/2 refers to Budget Program 7, Budget Activity A, Budget Project 2

2Claimants: CINC - the Commander-in-chiefs of the Naval Fleets
NAVAIR - Naval Air Systems Command
NAVSEA - Naval Sea Systems Command
CNET - Chief of Naval Education and Training
] NAVSUP - Naval Supply Systems Command
; BUMED - Bureau of Medicinz and Surgery
OP-01 - DCNO Manpower Personnel and Training
2 Direct Cost with individual weapon system visibility

= Direct Cost without individual weapon system visibility; must be allocated
= Indirect

- O
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provided from which the user may pick the appropriate one. Program data
are also provided, and an example calculation is made for every element.
The reader, however, is cautioned in Section II regarding the necessity
of confirming all program and operational data with knowledgeable fleet
personnel.

The report is written in handbook form so that it can be used
both as an educational tool for a new analyst and an estimating model for
the experienced analyst. Appendix E is designed to serve as a user's guide
for both experience levels. The new analyst can refer to Table E-1 which
lists all the variables required by the equatione in this report. These
variables are organized by source in Table E-2; i.e., all the data which
should be obtained from the program office, or from the assistant project
manager for logistics (APML), or from the OpNAV sponsor (Op-SOé), etc,, are
grouped together. The new analyst therefore can satisfy all data requirements
from a particular source with a single request.

For the experienced analyst, Table E-3 provides a listing of the
cost elements, & brief definition for each, the computation procedure including
cost-estimating relationships, and a reterence which identifies the major data
source and tells where additional background information can be found. Once
the analyst digests the information in this report and obtains a working know-
ledge of missile 0&S, he need refer only to the summary of the CER's contained
in this table. Finally, Table E-4 contains the cost element structure with the
appropriation, claimant and point of contact for each. This provides the reader

with an easy guide for gathering data in the future.
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Since the decision to buy a new weapon system commits the Navy
to operate and support it over its operating life, it is important that
the operating and support (0&S) costs, as well as research and development
(R&D) and procurement costs, be understood and analyzed during the acquisi-
tion process. This has become increasingly important in the last decade as
0&S ccsts have exceeded the sum of R&D and procurement costs for many systems,
The basic tasks involved in managing and controlling 0&S costs are as follows:
1) estimate 0&S costs during the acquisition process;

2) observe and record 0&S costs throughout the life of
the system in the fleet;

3) leamrn what operating and maintenance policies and
procedures drive 0&S costs; and

4) feed back information to the industrial community so
that the designsof future systems incorporate 0&S
cost savings.
The Cost Analysis Improvement Group (CAIG) has taken the lead in
stressing the importance of 0&S cost analyses especially relating to Task 1.
On August 31, 1977, the CAIG issued a memorandum which contained a cost element
structure (CES) for tactical air-launched missiles, including definitions. The
memorandum, the missile CES, and definitions,all of which are included in this

report as Appendix A, are important because they establish the ground rules for

performing missile 0&S analyses for all services - what to include, what not to

include.

b
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Appendix B contains the Navy tactical air-launched missile CES
developed during this effort, complete with definitions and the funding
appropriation and claimant. The CES was prepared to capture exactly those
costs defined in the CAIG memo, and at the same time, reflect the uniqueness
of the Navy organization, mission, and support concepts. It was also coor-
dinated with Air Force cost analysts and is identical to the CES developed by
the Air Force at the major heading level (Operations, Below-Depot Maintenance,
Depot Maintenance, etc.) The material is organized as a single section to
permit it, when excerpted from this report, to serve as initial guidance for
a Navy Program Manager or Study Director in preparing an 0&S analysis for a
Navy tactical air-launched missile.

Saatton III of the report contains informatioun for each cost element
consisting of a definition of the element, a discussion of the data sources,
the computational procedure including a CER, and an example calculation. Since
the CES contains several cost elements (Base Operating Support, Personnel Sup-
port, Health Care, etc.) which are general in nature and for which no weapon-

speciiic data is collected, the methodology from the Navy Resource Model (NARM)

Program Factors hanual is utilized to generate cost estimates. Simply speaking,

the methodology consists of the identification of certain support resources
(dollars and personnel) from the budget and allocation of these resources back
to weapon systems on the basis of some proxy varjaible or variables (usually the
number of direct personnel) which are chosen to approximate the weapon systems'
demand for support. This methodology, although indirect, has many advantages.

It provides a consistent, logical procedure for estimating costs which would
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otherwise be extremely difficult to estimate; it is well recognized and
accepted; and, it provides consistency with the other analyses supported by
the NARM. A complete discussion of the methodology can be found in Section
III in each section where the methodology is utilized.

Section 1V of this report provides a listing of the dsta base whicn
supported the regression analysis used to develop the CER's contained in this
report, and a brief discussion of some of the data problems. This is included
to facilitate future CER development.

Appendix C contains the raw data and program information collected
during this study which were used to develop the CER data base described in
Section IV. Appendix D contains a metric conversion chart. Since current DOD
contracts require the use of metric measures in all reports, this chart 1is
included to facilitate comparison/conversion of this data,which is entirely
metric, to other previously developed data. Appendix E 1s a user's guide and

provides simple instructions on the preparation of a missile Q&S analysis using

this report. Table E-2 groups all the variables defined in the report according

to the most likely sources. This provides the uninitiated analyst with direc-
tions about where to go and what informatisn to seek. Tables E-3 and E-4 con-
tain a summary of the CER's and points of contact respectively.

Finally, it should be emphasized in the strongest possible terms that
the "rules of thumb'" and other descriptive type information contained in this
report are for the purpose of providing background information and facilitating
the education of the reader. They are valid only for the time period during
which this report was prepared and, IN NO WAY DOES THE PRESENCE OF THIS INFOR-
MATION ALLEVIATE THE ANALYST OF THE RESPONSIBILITY OF RECONFIRMING ALL OF THE
INFORMATION WITH THE FLEETS AND THE SUPPORTING COMMANDS DURING EACH SUBSEQUENT

ANALYSIS.
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III. COST ELEMENT DISCUSSION AND ESTIMATION
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The purpose of this section is to provide a definition, a discussion
of the supporting data, and a methodology for developing a cost estimate for
each of the cost elements listed in Table III-l. In many cases the methodology
will take the form of a statistical cost-estimating relationship (CER). 1In such
cases the equation will be given with t-statistics followed by the adjusted
coefficient of determination, the standard error of the estimate, the deter-
minant of X'X, the F Statistic, definitions of all variables and the data base.
In instances where a CER is not provided, enough information will be provided
to support a rudimeatary cost estimate; and, an example calculation will be
made. This calculation is intended to be a benchmark based on general knowledge
which will provide the analyst an example of a reasonable value for each variable
and for the total cost. The example calculation should not supplant detailed
analysis, but rather 1t should serve as an indication of the order of magnitude
of the cost one could expect for a particular cost element.

Escalation was based on the August 1977 memorandum from the Office of

the Secretary of Defense (0SD). The O&MN escalation rates are given below:

75 76 TQ 77 78 79 80

O&MN 0.755 0.817 0.868 0.878 0.940 1.000 1.080

The missilesdiscussed in this feport and used to develop the CER's
ara those currently in the Navy inventory or under development. Their names

and official designations are as follows:

b me e Lo e A
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NAVY MISSILES

Name Designation
Sidewinder AIM-9
Sparrow AIM-7
Walleye 1 GW-MK1
Walleve II GW-MKS
Shrike AGM=45
Standa:d Arm AGM-78
Phoenix AIM-54
Harpoon AGM/RGM/UGM-84
Harm AGM-88
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EXHIBIT IIl-1
NAVY OPERATING AND SUPPORT COST ELEMENT
STRUCTURE FOR AIR-LAUNCHED MISSILES
Appro- Budget Accounting.

priacion Category! Claimant? Visibility’

o Operations

1. Handling and Inspection MPN CINC A
2. Operational Training MPN, OSMN CINC, NAVAIR A, D/A -
o Below-Depot Maintenance NAVSEA :
3. Organizational/AIMD Maint. MPN, O&MN OP-01, NAVAIR A
4. Intermediate Maintenance 0&MN 7/A/2 NAVAIR 4104 D
o Installations Support
5. Base Operatiug Support MPN, O&MN CINC, NAVAIR I
o Depot Maintenance NAVSEA
6. Depot Maintenance O&MN 7/A/2 NAVAIR 4104 D
o Depot Supply and Technical Support
7. Supply Depot Jps O&MN 7/E/1,2,3 NAVSUP A/l
8. Technical Support
Fleet Support O&MN 7/A/2 NAVAIR 4104 D
Engineering Support O&MN T/IA/2 NAVAIR 4104 D
Quality Evaluation O&MN 7/A/4 NAVAIR 4104 D
Program Management MPN, O&MN NAVAIR D/A
o Second Destination Transportation
9. Tramnsportation O&MN 7/E/3 NAVSUP A
10. Receipt, Segregation, Storage O&MN, MPN 7/B/1 NAVSEA 04J A
& Issue

o Personnel Support Training

11. Replacement Training MPN,O6MN 8/A/2,2/E CNET A/l
12. Health Care MPN, O&MN BUMED I
13. Personnel Support MPN, O&MN 0P-01 I
o Sustaining Investments
14. Replenishment Spares WPN 2 NAVAIR 412 D/A
15. Modifications WPN,O&MN  2,7/A/2 NAVAIR 412 D
16. Replenishment Ground Support WPN NAVAIR 4104 A
Equipment

17/A/2 refers to Budget Program 7, Budget Activity A, Budget Project 2

2Claimants: CINC - the Commander-in-chiefs of the Naval Fleets
NAVAIR - Naval Adr Systems Comnand
NAVSEA - Naval Sea Systems Coumand
CNET - Chief of Naval Education and Training
NAVSUP - Naval Supply Systems Command
BUMED - Bureau of Medicine and Surgery
OP-01 - DCNC Manpower Personnel and Training

3p = Direct Cost with individual weapon system visibilicty
Direct Cost without individual weapon systen visibility; must be allocated
Indirect

-
s
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1. HANDLING AND INSPECTION

la. Definition - This is the cost of personnel and consumable material
needed to handle and operate the missile and missile system equipment at
the organizational level. Examples of handling and inspection tasks are:
removing the missile from organizational storage; missile inspection; missile
assembly (usually limited to the attachment of wings and fins); transporting %1
missiles tothe aircraft; missile uploading; and missile check-out and arming 7%
prior to a captive flight or firing. This cost also includes a similar series
ot tasks to download the missile and return it to storage if it is not fired.
It 1s improtant to note that there is some variation in missile handling pro-
i cedures; e.g., some missiles require minor assembly, others do not; some mis-
siles undergo the missile-on-aircraft-test (MOAT) before takeoff, others after
takeoff.

1b. Discussion - Some missile systems have a contingent of ocrganizational per-

sonnel who are dedicated to the operation and maintenance of the missile system
and therefore easy to identify and cost. Other systems have no dedicated person-
nel and the analyst'must compute an equivalent manpower figure by summing the
tetal annual orzanizational level manhours required for support of the missile
system. There are several ways to obtain an estimate of the required handling
and inspection manpower. One is to discuss organizational missile operations
with Naval personnel who have had experience in that area. Another method is

to refer to the Maintenance Engineering Analysis (MEA). A MEA is usually pre-

pared for each missile system and is avallable through the respective program
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offices (see section 8.4, page 57 for a list of the program offices).

Contained in the MEA is the following information:

1) maintenance requirements for each assembled missile and
each subassembly;

2) required maintenance tasks;
3) a recommended maintenance level for each maintenance requirement;
4) required support equipment for each task; and

5) task times and personnel requirements by number and type.

As an example, a sample of the worksheets taken from the AIM-7F MEA,
which pertain to organizational handling and ipspection, are shown as Table C-1
of Appendix C. The work sheets describe each task, the number of men required,
their rating and skill level, the time required, and the required support equip-

ment. Based on those engineering estimates found in the MEA, one can compute

be two and one-half (2.5) manhours. As a general rule, lighter missiles would

. AT T Ty TR Ry e )

probably require less labor, while heavier ones would require more.
In addition to the unit labor requirement, one must also know the

number of captive flights in order to compute the total labor required for

the average manpower required for one upload/download cycle for an AIM-7F to I

r
2

handiing and inspection tasks. Planning data on the captive carry rates for
missiles can usually be obtained from the program offices. For the purpose of
providing background information, the HARM program office was using the rate
of one captive carry, with two missiles per deployed aircraft per month. Cap-

tive carry rates for air-to-air missiles such as Sidewinder (AIM~9), Sparrow

| PTE SET P}

(AIM-7) and Phoenix (AIM-54) are usually higher. Again, for the purpose of

providing background information, one can assume that on the average five or six

#
|
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carriers are active at all times, each with two attack squadrons (twelve air-
craft each) and two figher squadrons (twelve aircraft each). This computes to
an average of 120 to 144 acrtack and 120 to 144 fighter aircraft deployed at any
one time. The analyst is cautioned that although this information is represen-
tative, actual experience may vary, sometimes greatly. It is incumbent upon
the analyst to check with the program office of the particular missile under
review and/or with a representative of the fleet to determine what the current
or planned captive carry rates are.

Actual data on captive flight activity of missiles already in the
inventory 1s contained in the maintenance data collection system (MDCS) for air-
launched missiles, which is maintained at the Fleet Analysis Center (FLTAC) in
Corona, California. This information, however, is not part of FLTAC's Perfor-
mance Monitoring System (PMS), a conversational system which provides users with
ready access to the most frequently requested data, and therefore would require
a special run. The charge for .his run 1s estimated by FLTAC to be two to four
thousand dollars. Captive flight infomation for Phoenix and Sparrow, however,
is currently available in a series of reports known as deployment reports. A
deployment report is prepared after each deployment for the assistant project
manager for logistics (APML) in NAVAIR 4104 and the Pacific Missile Test Center
(PMTC). These reports contain the following information for each missile uploaded

on the carrier:

the number of captive flights, if any;
- the bureau number of the carrying aircraft;
~ the duration of each captive flight;

- the ordnance station on the aircraft on which the missile was
carried;

L hmd . bew s
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~ the number of failures; ang,

- many other items of information.
FLTAC has a request pending to prepare these deployment reports, which cost
approximately ten thousand dollars annually per weapon, for all air-launched
missiles. This infcrmation is useful in estimating future captive carry rates
of missiles under development in two ways:

1. It gives historical data on missile systems which may be

forerunners to other systems under development (e.g. AIM-

7E, AIM-7F).

2. It serves to give the analyst an idea of the accuracy of
planning estimates vis-a-vis actual dats from the fleet.

Although the definition for Handling and Inspection includes the
cost of consumable material, this cost is negligible or non-existent for current
Navy air-launched missiles.

le. Cogt-Estimating Relationship - The analytical representation of the com-

putation of Handling and Inspection costs is given below:
HI = DE x EPR + DO x OPR + CM

DE

IU x N\M x CF
1440

where,

HI = the annual cost of handling and inspecticu of air-launched
tactical missiles. (FY79$K)

DE = the number of equivalent direct enlisted manyears required
for handling and irspection tasks.

EPR = the annual enlisted pay rate.* (FY79%K = 9,517)

*Pay is defined here and throughout this report as the average annual pay rate
by categories (officer, enlisted, cadet and trainee) found in the Five Year
Defense Program (FYDP) for militayy pay and allowances. The rates are obtained
by dividing total military pay and allowances for each category by the average
annual military strength in each category, and are readily available through
the Navy Resource Model (NARM) Program Factors Manual prepared by Op-901 (X-55038).
FY79 rates are $22,141 for officers and $9,517 for enlisted.
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} DO = the number of direct officer manyears (i1f any) required for
. handling and inspection tasks.
! OPR = the annual officer pay rate. (FY79SK = 22.141)
¥ CM = the annual cost of consumable material required for
handling and inspection tasks. !
: LU = che number of manhours required to successfully upload
. and download a missile.
' NM = the number of missiles carried per captive flight.
CF = the annual number of captive flights.
The variable LU which is given in manhours is divided by 1440 produc-
. tive manhours per manvear to transform it into manyears. This factor is com=-

monly used in manpower planning to determine personnel requirements. If it is

felt that a d fferent factor is more appropriate for a particular circumstance,

"~

it may be substituted in lieu of 1440. Also note, that the variables DE and DO
(in addition to similar variables in Cost Element 3 - Organizational/AIMD Main-
tenance) are measures of the equivalent direct manpower necessary to operate

and maintain the weapon system and are used as proxy variables to compute other
costs. This will be discussed in detail later in this chapter and is mentioned

here only to place proper emphasis on the variables DE and DO.

1

1d. Example Calculation

Assume:
LU = 2.5 manhours

NM = 2.0 missiles per aircraft

)The cost of consumable material for air-launched missiles currently in the
fleet is negligible.

T e R T e e e e e T e e T ———
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CF

EPR

DO

(5 carriers with weapons x 24 aircraft/carrier x 1 captive
flight/aircraft/month + 2 Naval Air Stations x 10 captive
flights/month) x 12 mos./yr. = 1680 annual captive flights

Q
9.5 (FY79$K)
0
2.5
DE = 1,440 * 2 x 1,680 = 5.8

HI = 5.8 x9.5+ 0 x22.1+0 = §55.1 (FY79%K)




RN |

L e e A VB B e L g "

Somrame LT

—————— e e = -t s e - s

27:

i
v
AOIEY Coment RIS .
. bk
¢ mpliid st ullid

PIRR T T VR

2. OPERATIONAL TRAINING o

2a. Definition - This is the cost of operational training to attain missile

system proficiency and consists primarily of two types of training - pilot : :
training on the Advanced Combat Maneuvering Range (ACMR) and operational

firings of live missiles. The former is an instrumented air space where

pilots fly through attacks, dogfights, etc., and are able to replay the entire
scenario in a classroom environment and discuss their performance and weapons
proficiency. The latter type of training, operational firings, consists of

the costs involved in expending a live round. These costs generally fall into
three areas, range costs, threat simulacion, and post £light analysis support.
Range costs are the costs associated with opening, clearing, oparating and
closing the range for a firing exercise, equipéing the range with any special
telemetry, radar or photography equipment, and any other generai software

support required by the exercise. Threat simulation costs are the costs asso-
ciated with presenting a target complete with augmentation or whatever other
support 1s required to create a realistié threat environment. Finally, the

post flight analysis support is the engineering effort required to ascertain

the performance of the missile and pilot.

2b. Discussion - Costs for use of the ACMR are currently averaging approximately
eight hundred dollars ($800) per hour, with an average exercise consisting of

two 45 minute sessions. Costs are variable since up to four aircraft may train
at any one time. Also, there are plans for several more of these facilities ?

in the future which may drive down the cost per hour. For more information on

the ACMR contact Mr. R. Crangle, NAVAIR-06E (X-27785).
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To estimate the cost of range services, threat simulation, and post
flight analysis is difficult because the charges for these services vary so
significantly that one must actually prepare the specifications for the oper-
ational test firing before costs can be estimated with any accuracy. For in-
stance, the charge for range costs at the twenty-six fleet training ranges may
vary from over two thousand dollars per hour to nothing. 1In the case of the
Atlantic rleet Weapons Training Facility (AFWTF) where no charge is made, it
is obvious that costs are incurred despite the fact the user is not charged,
but to pick out these costs from the operating budgets of the fleet would not
be a cost effective effort at this time. Target costs and post flight analysis
costs also vary drastically depending on the requirements of the particular
shot.

Despite this variability, a list of representative costs shown in
Exhibit III-2 has been.obCained from various sources and may be used to gener-
ate baseline estimates of operational firing costs i1f specific information is
not available. Further information on these costs can be obtained from Mr. H.
Kollshegg, NAVAIR-06 (X-27675) and/or Mr. F. Belen, NAVSEA-06N (X-27748).

The number of missiles fired annually depends on a number of factors

such as inventory levels, training requirements, tactics evaluation requirements,

funding and others. By far the most important of these factors is the inventory

consideration. Information on the planned operational firing rates can be ob-
tained from the OPNAV program sponsors (Op-506), The specific individuals are

identified below:

Title Code Name Telephone
Alr Weapon Systems 0p-506F/506F2 CAPT R.J. Johnson X-51985
Alr-Surface Guided

Weapons Coordinator  Op-506F1 LtCMDR J.W. Prueher X-51985
Air-Air Guided Weapons

Coordinator Op-506F3 CMDR R.C. Allen X-51985
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K]
1
A
§
3
=]
4
3

PUNPRSIFR ST IR SN AT 3F ORI WP Vo 30 PR NPT S P VTR

PR O

TSNS VLY SR

EMAM ORI



;
]
L
i
{
?
|

—

range. The range costs therefore must be allocated.

2. Threat Simulation

i
k|
k|
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EXHIBIT III-2 3

REPRESENTATIVE OPERATIONAL FIRING COSTS g

1. Range Costs j
This cost varies from range to range. A charge of $1,000 per hour %

is representative but it should be remembered that a series of firing ex- ;
ercises will usually be conducted when an operational unit comes to a g
i

%

Approximate Pro-

Target augmentation costs may range from O-$35K depending on what is
required. For example, HARM would require a radiating target, Harpoon

" Land Targets curement Cost (FY793K) Reuse

Bunker 0 Infinite
Moving Vehicle 10 1-5 Times! é
Sea Targets i
Moored Hulk 0 5-10 Times i
Moving Vessel (Septar) 100 2-5 Times §
Air Target (Subsonic) ;i
MQM=-74C 80 2-5 Times? :§
BQM-34 A/S 250 2-5 Times? -]
TOW 8 2-5 Times B
Alr Target (Supersonic) j
AQM-37A 40 No 11
BQM-34 E/T 450 2-5 Times? %
CQM-10B 75 No %
%
1

would require augmentation of a Septar tc simulate the larger profile of

a surface combatant,

3. Post flighc analysis alsn varies with the amount of equipment used and

ot — it S £ it - o

data collected. Currently, a representative effort is 2-3 manweeks,

[SPRIPN

costing $60-70K per manyear depending on which Naval engineering activity §
performs the work.

e s . Y e

lCoats are for special purpose, light target vehicles. If a fully armored,
droned tank is required, costs may run to $200K or higher for target vehicle.

2Add $3-4K for consumable material and preparation for each reuse. All reuse
estimates are approximations. Actual experience may vary, sometimes greatly.

!
i
!
i
|
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2c. Cost-Estimating Relationship - A general representation of the cost

calculation is as follows:
OT = 0.80 x ACMRT + NLF x UCLF
where,
OT = the annual cost of operational training. (FY79$K)

ACMRT = the total annual time spent training on the Advanced Combat
Manauvering Range. (hours)

NLF = the annual number of live firings.

UCLF = the unit cost of a live firing including range costs,
target simulation and post flight analwsis support. (FY79$K)

2d. Example Calculation

Assume:

238 (17 squadrons x 14 pilots/sqn.) go through 1.5 hours
of ACMR training annually

NLF = 10 per year
UCLF = 10K

range costs = 4K (4hrs. @ 1lK/hr.)

target costs = 4K (TOW-assume 2 flights/target)
post flight anal. = 2K (2 manweeks @ $60K/year)
OT = 0.80 x 357 + 10 x 10

= 385.6 (FY79$K)
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3. ORGANIZATIONAL/AIRCRAFT INTERMEDIATE MAINTENANCE
DEPARTMENT (AIMD) MAINTENANCE

3a. Definition - This is the cost of labor and consumable material required
at the Squadron and the CVA/NAS Aircraft Intermediate Maintenance Department
(AIMD) to perform maintenance on the missile and its associated equipment.
The concept of the all-up-round (AUR) precludes this type of maintenance on the
missile itself, but organizational and intermediate level maintenance is required
on wissile-dedicated aircraft equipment.
3b. Discussion - The current maintenance concept of Navy air-launched missiles
is that of the all-up-round (AUR). What this means is that no maintenance is
performed on the missile at the organizational level. If a missile fails a
visual inepection or a built-in-test (BIT), it is packaged and returned to the
Naval Weapons Station (NWS) for repair. No attempt is made to repair the misgsile
on a carrler or at a Naval Air Station (NAS).

Costs do accrue to this element, however, when maintenance is required
for missile system-dedicated hardware on the aircraft. Both the HARM and Harpoon
systems require missile system-dedicated hardware on the launching aircraft.

When such maintenance occurs, it can entail organizational labor and consumable
materials to remove and replace the faulty equipment, and labor and consumable
materials to repair the faulty equipment at the Alrcraft Intermediate Maintenance
Department (AIMD) aboard the carrier or at the NAS.

Data on missile system-dedicated aircraft bardware currently in the
inventory can be obtained from the Maintenance and Material Management (3-M)
System. The Fleet Weapon System Reliability and Maintainability Statistical

Summary (MSOD 4790.A2142-01) contains data on mean-time-between-failure (MTBF)

c s
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and mean-time-to-repair (MITR) by work unit code (WUC) for each aircraft type/
model/series (t/m/s) aircrafc. This report can be obtained from the Maintenance ;
Support Office Department (MSOD) Mechanicsburg, PA, or by cnntacting Mr. R. '
Schanamann (X-28781) of NAVMAT 0415.
Information regarding equipment not in the inventory can be obtained
from the weapon system Reliability Prediction Reports which are prepared for
each missile and contain projections for missiles andmissile equipment relia-
bility. The reports can be obtained from Mr. F. Norton (X-27596) of NAVAIR 5205.
The estimation of aircraft operating and support costs is a rather
involved topic. The reader can get considerably more detail on this subject
by referring to ''Naval Aircraft Operating and Support Cost Model - FY76 Revisionm," 3

ASC R-116, March 1978.

3¢c. Cost-Esrimating Relationship - The analytical representation of the compu-

tation of Organizational/AIMD Maintenance costs is given below:
OMC = OME x EPR + CiA
OME = NA x FHY/MTBF x MTTR/1440
where,
OMC = the annual cost of organizational/AIMD maintenance. (FY79$K)

OME = the number of equivalent enlisted manyears required for
organizational/AIMD maintenance of missile system equipment.

EPR = the annual enlisted pay rate. (FY79$K = 9.517)

CMA = the annual cost of consumable material for missile-dedicated
aircraft equipment maintenance. (FY79$K)

NA = the number of aircraft carrying the ~issile-dedicated equipment.

FHY = the annual flying hours per aircraft. ;

MTBF = the mean~time~between-failure of the missile-dedicated equip- :
ment. (hours)




PR

MITR =

i3

the mean-time-to-repailr the missile~dedicated
equipment (hours).

It is again noted that the OME variable represents direct manpower at the

organizational leve

1.

This variable, when summed with DE and DO (if other

than zero) from Cost Element 1 - Handling and Inspection, 1is used to estimate

Base Operating Support Costs and in turn, leplacement Training, Health Care and

Personnel Support.

sections.

This will be discussed in detail in each of the respective

3d. Example Calculation

Case 1 - Ailrcraft contains missile-dedicated equipment.

Assume:

EFPR

™A

NA

FHY

MTBF

MTTR

OME =

=0

204

.13

9.5 (FY79%K)

0

204 aircraft

240 hours per year
270 hours

1.0 hour

x 240/270 x 1/1440

OMC = 0.13 x 9.5+ 0 = 1.2 (FY79%K)

Case 2 - Aircraft does not contain missile-dedicated equipment.

OMC = O

. e ——————VrT ;| e wp e
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4. INTERMEDIATE MAINTENANCE

4a. Definition -~ Intermediate or Naval Weapons Station (NWS) maintenance is
the cost of pergomnel, consumable material and station overhead required to
perform missile and missile component checkout and repair at the Naval Weapons
Stations. This includes such procedures as the functional test of the assembled
round, fault isolation of the failed round, removal and replacement of faulry
major subgroups such as the flight control group of the guidance section, and
fault confirmation and other support from the Weapons Quality Evaluation Center
(WQEC). Exhibit III-3] Eaken from the AIM-7F MEA provides a graphic depiction of
the intermediate maintenance functions required for the AIM-7F.
4b, Discussion - The Maintenance Data Collection System (MDCS) for air-launched
missiles 1s maintained at the Fleet Analysis Center (FLTAC) in Corona, California
and tentative worklecad and budget data for NWS maintenance is available through
their Performance Monitoring System; but since it is only planning data, a
better source is Naval Air Systems Command, Operations, Navy, Budget Justification
Material. This material,which is prepared for each budget request by NAVAIR 4104,
contains detailed information about the unit cost and quantity of each type mis-
sile processed at the NWS, This data from the FY77, FY78, and FY79 submissions
is shown in Tables C-2 through C-5 of Appendix C.

In general, a misgile requires NWS maintenance when one of three events
occur:

1. It 1is determined to have failed;

2. It has reached its afloat storage time limit or maintenance due
date (MDD); or,

3. It has reached its shore storage time limit or maintenance due
date (MDD).

————— . e—— . [P 4;_”%«;'1
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A missile failure can be ascertained in several ways. The most frequent
method 1s via the avionics check of an uploaded missile, usually referred
to as the BIT (built-in-test) or MOAT (missile-on-aircraft-test). A second
method for determining failures is through visusl inspection which may reveal
missing or damaged parts. A final method of determining a failure {is through
some breach of maintenance or operational preccedures. An example of this
would be a missile that had been dropped or one that contained seawater in
its sealed container.

The second source for NWS maintenance i3 when a missile reaches 1its
MDD for aflcat storage. When a carrier receives a shipfill of missiles for

a deployment, a portion of the missiles is kept containerized in what is

called deep storage. A missile is removed only when it is needed to replace
a failed missile. The remainder of the missiles may remain in deep storage

until a specific time limit is reached. When that occurs, the missilesmust be

returned to the NWS for test and recertificationm. i
The third source for NWS maintenance is when a .adssile reaches its
MDD for shore storage. Missiles in deep storage ashore are not subject to the '
ravages of gsalt air and sea motion and are therefore asgumed to have better sur- 3
vival rates than those stored afloat. Therefore they are sometimes afforded a
longer interval between recertification.
It should be noted that for some missiles the current policy also im- g
poses a limit on the number of captive flights or captive flight hours, but this
policy 1s under review. The replacement policy 13 one of "fly until die" or con-

tinue to captive fly a missile until a failure is observed. Table C-6 of Appendix

C, contains the current maintenance due policy for air-launched weapcns.
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Captive flight reliability data can be obtained from the FLTAC
deployment reports mentioned in Section 1. For a missile not yet operational,
a prediction of this reliability can be found in the Decision Coordinating
Paper (DCP) which can be obtained from the program office. The DCP usually
contains the proposed maintenance due policies, but if not, the program
office can provide that information.

4c. Cost-Estimating Relationship - The NWS unit cost data found in Table C-5

of Appendix C was used to develop the following CER:
NWS = 0.312 + 2.561IRR + 0.004LWO
(1.18) (3.17)
R? = 0.731
S.E.E. = 0.436
Det.of X'X = 0.728

F = 10.510

where,

NWS = the unit cost of NWS maintenance. (FY79%K)

IRR = the intermediate reject ratio, i.e., the percentage of missiles
processed by the NWS which are determined to be failures and
are sent to the depot for repair.

LWO = cthe launch weight of the missile less the ordnance weignt.

(kilograms)

DATA BASE

NWS LWO .
Missile (FY79$K) iRR (XG) N
Sidewinder 1.07 0.13 77.00
Sparrow (AIR) 1.84 0. 30 200.00
Walleye I 1.15 0.07 225.00 2
Walleye II 1.34 0.09 182.00 ?
Shrike 1.36 0.22 137.00
Standard Arm 3.48 0.30 548.00
Phoenix 1,77 0.25 421.00
Harpoon 2.67 0.19 375.00
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The use of the intermediate reject ratio as an explanatory variable

for estimating unit intermediate maintenance costs may, at first, seem recur-

sive, but it makes sense not only statistically, but intuitively as well, once

the details of NWS funding are understood. Simply speaking, the Naval Weapons

Stations negotiate a unit fixed price with NAVAIR for the repair of each type

nissile. Funding then amounts to the unit price times the number processed.

Since the unit price is applicable both to missiles which pass initial tests

and are recertified after minimal maintenance, and to missiles which fail ini-

tial tests, require retest, dissassembly, fault i{solation, etc., it is obvious

that the greater the percentage of failures, the higher the unit price will

eventually be.

To compute the intermediate reject ratio requires the computation

of each of the various sources of maintenance requirements - observed failures,

maintenance due for afloat storage, and maintenance due for shore storage, each

having {its own

IRR

where,

IRR

AF

AFRR

MDSA

failure rate or reject rate. The analytical representation is:

=

AF x AFRR + MDSA x MDSARR + MDSS x MDSSRR

NWSWL

the intermediate reject ratio, i.e., the percentage of
missiles processed by the NWS which are determined to be
fajlures and are sent to the depot for repair.

the annual NWS workload resulting from missile failures,
determined by BIT check and visual inspection.

the failure rate at the NWS of missiles which were returned
to the NWS as observed failures in the fleet.

the annual NWS workload resulting from missiles stored afloat
which reach their maintenance due date.

e mwm——— — wr | aremee e — o ..
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MDSARR

the failure rate at the NWS of missiles which were returned
to the NWS because the afloat storage mairtenance due date
had been reached.

MDSS = the annual NWS workload resulting from missiles stored
ashore which reach the maintenance due date.

MDSSRR = the fallure rate at the NWS of missiles which were returned ﬂ
to the NWS because the 3hore storage maintenance due date b -
had been reached. ‘:

NWSWL = the annual NWS workload; i.e., the number of missgsiles of a —;)

particular type which undergo NWS maintenmance in a year. s
Data for the three failure rates 1s usually contained in the DCP and/or the
Reliability Prediction Report for each missile under development. NWS reject
rates for missiles in the fleat are recorded by the FLTAC Performance Monitoring

System (PMS) and can be requested through Mr. Koniak of NAVAIR 4104. Table C-7

of Appendix C contains the most recently ava sject ratio data.
The degree of sophistication ust ce the NWS workload can
vary greatly. If feasible, one can employ a -«lon in which every missile

is tracked and failures are determined stochastically with predetermined failure }
rates and in accordance with one or more assumed operational scenarios involving
deployment schedules, crcss-decking policies, captive carry rates and many other i
factors. On the other hand, the analyst can simply obtain an estimate by anal-
ogy using the NWS workload data in Tables C-2, C-3, and C-4 of Appendix C.

One methodology, which 1s a compromise between the two previously
mentioned. is to estimate the workload resulting from each of the three sources
mentioned earlier. An analytical representation of this methodology is as
follows:

NWSWL = AF + MDSA + MDSS

AF = CF x NM x CFD/CFFR
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’ : 1
MDSA = (ANSA - AF) in
MDSS = ANSS x —=
SSR
! where,
g NWSWL = the annual NWS workload; i.e., the number of missiles of
a particular type which undergo NWS maintenance in a year.
AF = the annual NWS workload resulting from missile failures,
' determined by BIT check and visual inspection.

MDSA = the annual NWS workload resulting from missiles stored
afloat which reach their maintenance due date.

MDSS = the annual NW3 workload resulting from missiles stored
ashore which reach the maintenance due date.

s

CF = the total annual number of captive flights (also used
in Element 1).

NM = the number of missiles per captive flight.

CFD = the average captive flight duration (in hours).
CFFR = the captive “light failure rate (MIBF in hours).
ANSA = the average number of missiles stcred afloat.

ASR = rthe aflcat storage recertification time (maintenance due
date - in years).

ANSS == the éverage number of missiles stored ashore.

SRR = the shore storage recertification time (maintenance due
date -~ in years).

Therefore, the NWS cost can be estimated as the workload multiplied
bv the unit cost.
TNWS = NWS x NWSWL
where,
TNWS = the total NWS umainfenance cost. (FY798K)

NWS = the unit cost of NWS maintenance. (FY793%K)

NWSWL = the annual IWS workload; {.e., the number of missiles of a
particular type which undergo NWS maintenance in a year.
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4d. Example Calculation

Unit Cost:
Assume a missile with the following characteristics:
LWO = 150kg
IRR = Q.12
NWS = 0.312 + 2.561(0.12) + 0.004(150)
= 1.22 (FY79$K)
Workload:
Assume:
ANSA = 600 (5 carriers x 120 shipfill) missiies
ANSS = 3400 missiles .
CF = 1680 (as computed in Element 1)
NM = 1
ASR = 1.75 years
SSR = 4 years
CFFR = 300 hours
CFD = 2.5 hours
AF = 1680 x 2.5/300 = 14 missiles
MDSA = (600 - 14)/1.75 = 335 missiles
MDSS = 3400/4 = 850 missiles
NWSWL = 14 + 335 + 850 = 1199 missiles per year
Total NWS cost = 1199 x 1.22 = §1462.8 (FY79$K)
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S. BASE OPERATING SUPPORT
Sa. Definition - Base Operating Support (BOS) is the cost of installation
E
personnel and material necessary to directly support missile handling and ]

inspection personnel. Examples of installation functions which directly
support the unit include food services, custodial services, supply, motor
pool, payroll, ADP and communication operations. It also includes a propor-

tional share of work center costs such as real property maintenance, etc.

5b. Discussion - Since it is often difficult to determine the variable impacts
on base operating support costs of the addition or deletion of a force unit
such as a missile or an entire missile system, the methodology used in the

Navy Resource Model (NARM) Program Factors Manual! was adopted to provide an

estimate for Dase Operating Support costs as well as several other subsequent
elements which are similarly general in nature. A simplified explanation of

the NARM methodclogy 1s that 1t identifies total support resources (0&M funds
and manpower) of a specific type from the Navy budget and allocates those re-
sources back to tﬁe force units based on some proxy variable or variables which
are chosen to approximate that force unit's demand for support. The usual proxy
variable is direct manpower (in the case of missiles, Handling and Inspection
and Organizational/AIMD Maintenance manpower). In each succeeding case where
NARM methodology is used to estimate costs, it is identified and the methodology,

factors and proxy variables are given.

INavy Program Factors Manual, (OPNAV-90P-02A), VolumesI and II, 31 August 1977.




For BOS the computation is done in the following manner. The annual
costs and manpower allowarces found in the Navy budget, which are contained in
program elements 24611N, 24612N, 24613N, 24614N, 24615N, 24617N, 24618N and
72827N are summed and divided by three, because only one-third of the total BOS

" resources are considered variable with the forces. The one-third of the re-
sources which 1s to be allocated is done so based on the number of direct oper-
ating personnel associated with each system, i.e., the more personnel required
to operate and support a weapon system, the more base services are required.

BOS services consist of officer personnel, enlisted personnel and O&MN funds:
The factors used to make this allocation are not found explicitly in the Factors
Manual. Those factors used in the most recent edition, 31 Auguat 1977, are
given in this report, and subsequent revisions can be obtsined from Ms. Ruth,
0p-901, (X-55038).

5c. Cost-Estimating Relationship - The computation is as follows:

BO = 0.0014TDP

BE

0.0178TDP
BOM = 0,4946TDP
BOS = (BO x OPR) + (BE x EPR) + BOM

where,

BO = the number of base operating officers necessary to provide
BOS services to migsile system personnel.

TDP = the number of total direct personnel (officers and enlisted)
involved in operating and supporting the missile system.
This is usually an equivalent number of personnel, (e.g., two
officers half-time equal one officer) required in Element 1 -
Handling and Inspection, and Element 3 -~ Organizational/AIMD
Maintenance and 18 equal to the sum of DE and DO (from Element
1) and OME (from Element 3, Section 3, 3c.)

BE = the number of base operating enlisted personnel necessary to
provide BOS services to missile system personnel.

]
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the 0&M funds required to provide BOS services to missile
system personnel. (FY79$K)

the total cost (O&MN and MPN) of base operating support. (FY79$K)
the officer pay rate. (FY79SK = 22.141)
the enlisted pay rate. (FY79$K = 9.517)

important to make note here of three important variables - the

number of direct enlisted (DE + OME) plus base operating enlisted (BE), hereafter

referred to as direct and base operating enlisted (DBE); the number of direct

officers (DO) plus base operating officers (BO), hereafter referred to as direct

plus base operating officers(DB0O); and the total of the two, hereafter referred

to as direct and btase operating total (bBT). These variables are required by

the NARM methodology and are used to compute costs for Elements 11 - Replacement

Training, 12 - Health Care, and 13 - Personnel Support.

The equations are given below:

DBE

DBO

DBT
where,

DBE

DE

OME

BE

DE + OME + BE
DO + BO

DBE + DBO

the total number of enlisted personnel, direct plus base
operating, required to operate and provide base support to
the missile system.

the number of equivalent direct enlisted required .
for handling and inspection tasks (from Element 1, Section III,lc.)

the number of cquivalent enlisted required for
Organizational/AIMD Maintenance of missile system equipment.

the number of base operating enlisted personnel necessary to
provide base operating support services to missile system
personnel.
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DBO =
DO =
BO =

DBT =

the total number of officer personnel, direct plus base

operating, required to operate and provide base support
to the missile system.

the number of equivalent direct officers required
for handling and inspection tasks.

the number of base operating officers necessary to provide
base operating support services to missile system personnel.

the total number of personnel, officers and eniisted, direct
plus base operating required to operate and provide base
support to the misgile system.

5d. Example Calculation
Assume:
DE = 5.8 (from Element 1, Section I1I, 14.)
DO = 0 (from Element 1, Section III, 1d.)
OME = 0.1 (from Element 1, Sectien III, 1d.)
TDP = 5.9
BO = 0.0014(5.9) = 0,0 officers
BE = 0.0178(5.9) = 0.1 enlisted
BOM = 0.495(5.9) = 2.9 O0&M (FY79$K)
BOS = 0 x22.1 +0.1x 9.5+ 2.9 =23.9 (FY79%K)
also:
DBE = 5.8 + 0.1 + 0.1
a 6.0 enlisted
DBO = 0+ 0
= 0 officers
DBT = 6.0+ 0 = 6.0 total personnel
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6. DEPOT MAINTENANCE

6a. Definition - Depot Maintenance is the cost of manpower, material, and

et ot e A p— v

overhead needed to perform missils, missile component and support equipment 4

maintenance at Navy and Contractor repair facilities. Exhibit III-4 taken 3

from the AIM-7F MEA provides a graphic depiction of the depot maintenance

functions for the AIM~7F missile, In addition to maintenance of missiles,
i

depot maintenance funding pays for a number of types of support other than

repair of missile sections such as:

. 1. Mobile Missile Maintenance Unit (MMMU) operations,

2. repair of missile containers, (material dencoted by Aviation
i Supply Office (ASO) cognizance code-2E),

i 3. repair of missile explosive devices (material denoted by ASO
cognizance code-4E), - .
: 4, repalr of air-launched missile repairable components (material :
denoted by ASO cognizance code-6E),
50

repair and calibration of test equipment and other GSE.

6b. Discussion - Data for depot repair costs of air-launched missiles and

N e WS s a0y Sr

missile equipment is available from several sources. The first source, FLTAC

alr-launched missile MDCS, contains a large amount of logistic informationm such
as depot level parts replacement rates for the flight control and seeker sections,
1
» klystron replacement rates, analysis of age sensitive components, and many other

details. The second source, Industrial Performance Summary of the Naval Air

Rework Facilities provides complete data on the rework of the missiles at the
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]
Naval Air Rework Facilities (NARF's). Neither of these sources however,
providescomplete depot costs since neither addressea the miscellaneous rework
] previously mentioned or the rework of rocket motors. In order to obtain this

information, one must go to the third source, the Budget Justification Material
prepared by NAVAIR 4104, obtainable from Mr. Koniak (X-29773). Since NAVAIR

4104 budgets for,and funds all depot rework for air-launched missile systems,

e

the bydget back-up provides a complete funding profile of all depot costs.

Tables C-8 through C-18 of Appendix C contain copies of the depot maintenance
. budget back-up sheets from the FY77, FY78 and FY79 submissions. Each table

contains the data for one fiscal year (or transition quarter) as it appeared

in the budget submission. Table C-19 contains a history of total depot costs

expressed as a unit cost based on the guidance and control (G&C) section work-
load. This 18 done to facilitate cost estimating by maintaining compatability

with the NWS reject ratio. Table C~20 contains the depot unit cost of repair

v g e as ——

of the G&C section. 1In the cases (Shrike and Phoenix) where there are actually
two separate sections (a guidance and a control section), the unit cost 1is ex- ;_
pressed on the basis of the guidance section workload. Table C-21 containsg

the depot manhours required to repair a G&C section for those missiles reworked
at the NARF's. It alsc contains the NARF labor rates for the missile work
centers. Table C-22 contains unit costs for depot (NOS Indianhead) repair of
rocket motors, commercial depot level repair cost and other depot costs. Other
depot costs consist of repair of repairables, container repair, ground support
equipment repair and Mobile Missile Maintenance Unit (MMMU) operations. Although

the specific breakdown of these components is not available, it was learned from

|

3
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[

i
\
-




50

NAVAIR that repair of repairables comprised 70% of other depot costs in FY78,

38% in FY77 and 42X in FY76.

Historical depot workload data 1s also contained in Tables C-8

through C-18 of Appendix C. The estiwation of future depot workloads can be

eaglly accomplished by taking the three sources of NWS workload (from Element

4) and multiplying each by its respective NWS failure rate
4).

(also from Element

It should be pointed out that this estimate is not technically precise since it
is possible that a rejection at the NWS may produce two or more sections which

require depot repair and the currently available data does not permit one to

track an occurence of this kind. Fortunately, this problem is not of a magni-

tude sufficient to affect cost estimating significantly and {is mentioned only
for the background knowledge of the reader.

6c.

Cost-Estimating Relationship - Two CER's were developed for estimating

depot costs - the first estimates the total depot unit cost, while the second

estimates only the G&C unit repair cost. The CER for total depot cost is as

follows:
DC = DUC x WL
WL = NWSWL x IRR
DUC = 1,251 + 0.324MS + 0,013CAClooo
(1.52) (4.99)
R = 0.834
S.E.E. = 0.890
Det.of X'X = 0,949
F = 16.131

This provides an estimate of the number of sections requiring depot repair.
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where
DC = the total annual depot cost. (FY79$K)
DUC = cthe total depot unit cost for a particular tyre missile
(FY79$K)
WL = the depot workload; i.e., the number of G&C sections processed.
NWSWL « the annual NWS workload; i.e., the number of missiles of a
particular type which undergo NWS maintenance in a year.
IRR = the intermediate reject ratio; i.e., the number of missiles
falled by the NWS and forwarded to the depot for repair
divided by the total number processed by the NWS.
MS = the maximum speed of the missile in free flight. (mach)
CAC1000 a the cumulative average hardware cost of the first one
thousand missiles procured. (FY79$K)
DATA BASE
DUC MS CAC1 000
Missile (FY79$K) . mach) ) (FY79$K)
Sidewinder 3.54 4.0 35.4
Sparrow (AIR) 3.97 2.5 129.6
Walleye I 2.19 1.0 47.3
Walleye I1 2.85 1.0 56.1
Shrike 1.12 2.0 48.7
Phoenix 6.90 5.0 335.2
Harpoon 5.94 0.8 340.9

The Standard ARM observation was removed from the data base because

it was felt thut the extremely low volume of depot repair was resulting in an

unusually high unit cost,.
If one wishes to estimate only the unit cost of repair of the G&C
section, the following CER may be used:

DGC = ~0.728 + 0.018LWO
(5.43)

-y
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RZ = 0.803
S...E. = 1.404
Det.of X'X = 1.000
F = 29.486 -
where,

DGC = the depot unit cost of rework of a missile G&C section.
(This does not include repair of G&C repairables.) (FY79$K)

LWO0 = the launch weight of the missile less the ordnance weight.

(kilograms) 3

DATA BASE 3

DGC LWO 3

Missile (FY79$K) (kg) y
Sidewinder 2.1 85.0
Sparrow 3.1 200.0
Walleye I 1.8 225.0
Walleye II 2.5 182.0
Shrike 1.3 137.0
Standard Amm 9.4 548.0
Pheonix 8.7 421.0
Harpoon 4.1 375.0

This CER would also be improved by omitting the Sidewinder observation, but E
the improvement is only slight since most of the unexplained variation 1is in

the depot rocket motor and depot other categories. If this equaticn is utilized,
the analyst must explicitly treat the other depot costs - repair of rocket
motors, repairable material, contairers and other costs. This may be done

by analogy using Table C-22.

6d. Example Calculation

Assume: -

MS = 4.5 mach
= 145 (FY79S8K)

CAC) 000




,J.M.;‘q

53

NWSWL = 1,199

fucki o v s i Mm.mm-_,-mm

IRR = 0.12

WL = NWSWL » IRR = 144
DUC = 1.251 + 0.324(4.5) + 0.013(145)
s 4,6 (FY79$K)

DC = 4.6 x l44 = 662.4 (FY79$K)
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7. SUPPLY DEPOT OPERATIONS

7a. Definition - This 1is the cost of manpower and material needed to buy,

store, package, manage and control supplies, spares and repair parts used

in operating and maintaining missiles, missile components and suppert equip- ' F
ment. When a new missile system is introduced into the force, spare parts

are procured to sustain missile operations. These parts are introduced into

the supply system and resources are expended to manage, store, distribute,

package and crate both the spares inventory and other common supply items

which support missile system personnel.

7b. Discussion - This cost is computed for the Navy Resource Model Program

Factcrs Manual by taking the costs contained in program element 71111N - Supply

Depot Operations of the budget and allocating to force units on the basis of
direct requirements of manpower and operating funds, i.e., MPN, O&N, and WPN.

7c. Cost-Estimating Relationship - The equation for estimating Supply Depot

Operaticns 1is:

SDO 0.025DR
where, k-

SDO = the annual cost of Supply Depot Operations required to
support a weapon system. (FY798K)

DR = the direct requirements of manpower and operatirg funds E:
represented by the total cost of Elements 1, 3, 4 and 6. §l
(FY798K) (HL + OMC + NWS + DC)

7d. Example Calculation

Assume:

HI = 55.1 (total cost - Element 1, Section III 1d.)

oMC = 1.2 (total cost - Element 3, Sectiom III 3d.)
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NWS = 1487.8 (total cost - Element 4, Section III, 4d.)

DC = 662.4 (total cost - Element 6, Section III, 6d.)

DR = 55,1 + 1.2 + 1462.8 + 662.4 = 2181.5
SDO = 0.025 x 2181.5

= 54,5 (FY79$K)
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8. TECHNICAL SUPPORT

Technical Support is the cost of a number technically oriented
programs usually centrally managed by the Systems Command or one of its

field activities. Each of the programs, which are listed below, will be

identified and discussed separately.

8.1 Fleet Support
8.2 Engineering Support
8.3 Quality Evaluation

8.4 Program Management
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8.1 FLEET SUPPORT

8.1la. Definition - Fleet Support is the cost of on-site technical personnel
(Navy civilians) who provide technical advice and assistance in the oper=-
ation and maintenance of the weapon system. These '"tech. reps.'" deploy with
the units and serve as advisors and liaison for maintenance, configuration,
training and many other problem areas.

8.1b., Discussion - Fleet Support is budgeted and funded by NAVAIR 4104 and
Mr. Koniak (X-29773) is .the responsible individual. Cost data for Fleet
Support are found in the Budget .Jugtification Material prepsred by NAVAIR 4104
and are presented in Table C-23 of Appendix C.

8.1c. Cost-Estimating Relationship - The data from Table C-23 was used to

develop this CER for Fleet Support costs:

FS = 64.307 + 3.119PI + 113,530AAD
(2.83) (4.25)

72

0.800
S.E.E. = 35,231
Det. of X X = 02.980
F = 14,995
Where,

FS = the annual) cost of Fleet Support for a particular missile
type (FY79$K)

Pl = the percentare of the air launched missile inventorv
represented by the missile

AAD = a dummy variable which takes the following values:
0, if the missile is an air-to-surface missile

', 1f tne missile is an air-to-air nmissile

© o A ———— ce -

e b —— o e e 12 0 < A S PP A T 8 T ot
K . . i v




|
tJ

60

DATA BASE
P1!
FS 2
Missile (FY79$K) (FY79 Base) AAD
Sidewinder 271 17.6 1
Sparrow 271 17.3 1
Walleye I 117 22.5 0
Walleye II 52 3.6 0
Shrike 192 25.4 0
Standard Arm 107 2.5 0
Phoenix 170 7.3 1
Harpoon 98 3.8 0

The data used in this CER is the average of FY76 from the FY78 submission

plus the three years (FY77-79) contained in the FY79 eubmissdion

LA 2 B e )

8.1d. Example Calculation

Assume:
PI = 207

AAD = ]

FS = 64.317 + 4.229(20) + 113.530(1)

+ 262.4 (FY79%K)

1The variable PI has been adjusted from the values shown in Exhibit IV-1
to reflect only those missiles that have Fleet Support funding in FY1979.
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8.2 ENGINEERING SUPPORT

8.2a Definition - The cost of Bngineering Support is comprised of two

major areas - maintenance engineering and design engineering. The former

consists of efforts at the various Naval engineering activities in support
of the missile maintenance system and is funded through NAVAIR 410, while
the latter is concerned with engineering for the missile itself, i.e., design

and configuration matters, and is funded by the NAVAIR 510. These engineering

functions include revisions and additions to the Integrated Logistics Support
Plan (ILSP) necessitated by configuration changes, revisions to the maintenance

concept, or any other change instituted to correct g problem in the fleet. In

other words, Engineering Support funding pays for follow-on Integrated Loglstics

Support (ILS).

8.2b Discusgion - The NAVAIR 410 portion 1s printed in the Budget Justification

Material and 1s summarized in Table C-24 of Appendix C. The NAVAIR 510 portion

is not specifically identified in the budget but was obtained from NAVAIR 510,

and is shown in Table C-25 of Appendix C. For further information contact

Mr. Koniak (X-29773) for the NAVAIR 410 portion and Captain Glunt (X-28571)
or Mr. Cooper (X-28620) for the NAVAIR 510 portion.

8.2¢ Cost-Estimating Relationghip - The following CER can be used to estimate

the total cost of Engineering Support:

ES = B80.950 + 4.306FS

(3.96)
R2 = 0.677
S.E.E. = 233
Det.of X'X = 1,000
F = 15.649
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where,

ES = the annual cost of Engineering Support (design engineering
and maintenance engineering). (FY79$K)

FS = the annual cost of Fleet Support for a particular missile
type (FY79$K).

DATA BASE

ES FS
Missile (FY79$K) (FY798K)
Sidewinder 1,431 271
Sparrow 1,241 271
Walleye I 347 117
Walleye I1 181 52
Shrike 657 192
Standard Arm 709 107
Phoenix 747 170
Harpoon 857 98

The data show above 1s the sum of the four-year average funding

level (FY76-FY79) for NAVAIR 410 and NAVAIR 510 Engineering Support.

8.2d Example Calculation

Assume:
FS = 262.4 (from Element 8.1, Section III, 8.14d.)

ES = 80.950 + 4.306(262.4)

= 1210.8 (FY79$K)
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8.3 QUALITY EVALUATION

8.3a Definition - Quality Evalﬁation is the cost of the Navy Weapons Quality

i | Program whose purpose is to monitor the status and condition of the air-launched
% weapons stockpile. Principal activities include maintenance/reliability/
performance trend analysia, calibration of test equipment, destrucitve testing

b3 of missile sections, certification of NWS failures and related data collection

and analysis.

8.3b Discussion - Data for Quality Evaluation (QE) were received from

Mr. Sanders, NAVAIR 4104 (X-29828) and are shown in Table C-26 of Appendix C.

The data were adjusted per Mr. Sanders instructions to include the cost of the

Special Interface Gauges Program. Quality-.Evaluation funds were also used to

support the development of the air-launched weapons reporting system at FLTAC,

Corona, California, but this was not factored into the data since it is not a

recurring function. i-}
]

8.3¢c Cost-Estimating Relationship - The estimating equation for Quality

Evaluation is as follows: é i

QE = 109.55¢ + 6.785PI + 171.660AAD

TN LTINS SRS 53 TSR SVILIUN TN DT WAL N LML USTY LML R

=2 g'

L R = 0.605

% S.E.E. =  B85.768 !
; Det of X'X = 0.98

; F = 6.369
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Where,
QE = the annual cost of (uc .ty Faluation (FY79$K)

PI = the percentage of air-launched missile inventory represented
by the missile

AAD = A dummy varizble which takes the following values:
0, 1f the missile is an air-to-surface missile,

1, if the missile is an air-to-air missile.

DATA BASE
pI}
QE %
Missile (FY798K) (FY79Base) AAD
Sidewinder 465 17.6 1
Sparrow 397 17.3 1
Walleye 1 176 22.5 0
Walleye 11 88 3.6 0
Shrike 324 25.4 0
Standard Arm 90 2.5 0]
Phoenix 268 7.3 1
Harpoon 262 3.8 0

One might note that gince Quality Evaluation is estimated with the
same jindependent variables as Fleet Support, the two might be strongly correlated.
This 1s in fact, true and to express QE as a function of FS makes sense not only
analytically but logically, If the fleets are requiring a lot of on-site support
(FS) for a miasile, it obviously follcws that many of those problems will be

studied in the QE centers. The relationship is:

1The variable PI has been adjusted from the values shown in Exhibit IV-1 to
reflect only those missiles that have Quality Evaluation Funding.
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QE = 10.30 + 1.05 FS
(7.36)
=2
R = 0.883
S.E.E. = 51.450
Det of X'X = 1.000
F = 54,20
Where,
QE = the annual cost of Quality Evaluation (FY79$K).
FS = the annual cost of Fleet Support for a particular missile
type (FY79$K).
DATA BASE
QE FS
Missile FY79%K) (FY79$K)
Sidewinder 465 271
Sparrow 397 271
Walleye I 176 117
Walleye II 88 52
Shrike : 324 192
Standard Arm 90 107
Phoenix 268 170
Harpoon 262 98
8.3d Example Calculation
Assume:
AAD = 1
PI = 20%
QE = 109.569 + 6.785(20 + 171.660 (1)

= 41

7.0 (FY7935K)
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8.4 PROGRAM MANAGEMENT

8.4a Definition - Program Management is the 04&S cost of missile-specific

project management both at Systems Command level and below.

8.4b Discussion ~ Since the bulk of Program Management costs reside in the
procurement phase of life cycle costing, it is important that costs shown in
this element refer only to system activities of an operating or support nature.
These costs are not routinely ccllected but can usually be estimated frcm dis-
cussjons with program office personnel. A list of the missile program offices
is given below:

MISSLLE PROJECT OFFICES

Number Title Misgile Telephone
PMA 241 F14/Phoenix Phoenix 28283
PMA 242 Defense Suppression Shrike, Standard 23352
Systems ARM, HARM, Wall-
eye I & II
PMA 258 Harpoon Harpoon 23340
PMA 259 . Infrared Missiles Sidewinder 20914
PMA 252 Sparrow III Sparrow 282;8
PM 3 Tomahawk Tomahawk 28025

8.4c Cost-Estimating Relationship - Program Management costs are computed in

the following manner:

PM = I NMPi X CPi
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where,
PM = the annual cost of Program Management (FY795K).

NPM, = the number of program management persomnel in the ith
pay grade

CPi = the annual cost of paying one person in the 1th pay grade
(FY79$K).

It should be noted that the above equation relates only to direct pay and
allowances of the manpower and has no provision for the overhead or 'support

tail.” It would be possible to include the manpower with the Handling and

Inspection, Organizational/AIMD Maintenance and Base Operating Support manpower

and uge the NARM factors to compute the general support costs. But gince Pro-
gram Management personnel are not in the fleet, the NARM factors, which are

based on support of personnel in the fleet, are not aopropriate. Just how to

preperly define and compute the total cost of manpower (especially headquarters

manpower) {s a subject that is currently being widely discussed and studied.
In the meantime the analyst can estimate this cost heuristically or include
only direct pay and allowances. The sensitivity of total 0&S costs to this
topic is very slight.

Direct pay and allowance can be computed ' determing how many indi-
viduals of each rank/grade/step, etc. are involved in 0&S activities and mul-
tiplying by the respective rates from a current pay schedule. Typically, a
civilian professional in a project office would hold a grade approximating a
GS 12, Step 5, while a clerical worker would hold a grade approximating a

GS 6, Step 3.

Lf g e wm
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) 2

% 8.44 Example Calculation

: Assume the following personnel are concerned with 0&S program man-

g ] agement activities:

1 Military Officer $22.1 '
2 Civilian Professional $24.8

. 1 Civilian Clerical $11.8

PM = 1 x22.1+2x 24.8+1x11.8

= 83.5 (FY79$K)
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9. TRANSPORTATION

9a. Definition ~ This is the cost of Second Destination Transportation which
congists primarily of commercial transportation of missiles or missile sectioms
from the Naval Weapons Stations to the depots and back. There are also other
reagsons which require the transporting of missiles. For example, the current
environment in which certain missile types are in short supply often causes
imbalances between loadout requirements and inventory. These imbalances are

solved by transhipping available missiles to the site where they are required.

Piscussion -~ Curreui plans call for the transferring of the missile depot

repair capability of NAPF Norfolk to NARF Alameda at the end of FY1979. This
will make NARF Alameda the single site for depot repair of air-launched missile
guidance and control sections and will significantly add to the cost of trans-
portation. Unfortunately, the process required toprecisely determine commer-
cial transportation costs of missiles and missile sections 1s quite ccmplicated.
Rates vary with the distance traveled, the type of cargo (explosive components
cost more), the number of hundredweight to be shipped, the level of security
required, the routing of the shipment. and many other considerations. The sit~
uation is further complicated by the fact that in some situations (usually short
hauls) sections are not transported commercially, but by organic Navy vehicles.
It is obvious that an exact representation of how transportation costs
are inéurred is much too involved and tedious for the purposes of this model;
therefore, a sample of rates, wnich have been chosen as representative,

are presented. In addition, factors representing the average cost of inland

e e S e
o e e et 7 VS ST S BN ARy Tt ey

i et v ——————




72

commercial cargo transportation in the FY77 Budget Justification Material

is given to use in situations where transportation costs need not be esti-
mated with such precision. The analyst should realize that this is a very
generalized factor and is comprised of mostly INERT material. The factor,
$0.1297 per kilogram transported (FY79$K), 1s taken from Table C-27 of Appen-
dix C, which shows a cost of $42,226 (FY77$K) for transportation of 408,802
short-tons of material. This results in the previously mentioned factor
when escalated to FY79$ and adjusted to metric weight. In addition other
generalized factors bagsed sgspecifically on air-launched missile transportation
costs are given later in this section.

For exercises which require a more detailed analysis of transportation
costs, the reader can refer to Tables C-28 through C-37 of Appendix C. Each
table contains transportation costs quotes from the Military Traffic Manage-
ment Cczmand (MTMC) Bayonne, New Jersey. Mr. Norman Roberts of NAVAIR 412
(X-20028) who is the NAVAIR contact for transportation costs was extremely
helpful in obtaining the rate quotes from MIMC and in interpreting them.

Generally speaking, rate quotes were requested for four different
types of material, for one-way trips involving ten combinations of origins
and destinations, and for a number of different load sizes. Information re-
garding other charges involved in transporting missiles was also requested.
The four types cof material with simplified definitions are given below:

Class A Explosive - Explosive material causing maximum hazard such as a missile
warhead or all-up-round.

Clagss B Explosive - Materizsl which is typified by rapid combustion rather than
detonation such as a missile rocket motor.

Class C Explosive

Devices that contain Class A or Class B explosive material
but in restricted quantities. The Sidewinder guidance and
contreol unit falls into this class.

INERT - No explosive material. The Sparrow guildance and control
unit falls into this class.

. R TR S i L T T




73

The routes which were chosen and the tables which contain the rate

quotes for those routes are given below:

Table Origin Destination

c-28 NWS Concord, CA NOS Indianhead, MD Ef
c-29 NWS Concord, CA NWS Earle, NJ 2
c-30 NARF Alameda, CA NWSC Crane, IN

C-31 NART Alameda, Ca4 NWS Yorktown, VA 2
c-32 NARF Alameda, CA NAS Miramar, CA 3
c-33 NARF Alameda, CA NWS Seal Beach, CA
=34 NWS Charleston, SC NARF Alaneda, CA ; ’
c-35 NWS Yorktown, VA NARF Alameda, CA
C-36 NWS Yorktown, VA NOS Indianhead, MD

Cc-37 NWS Yorktown, VA NWS Charleston, SC

: routes were chosen to represent as large a portion of actual traffic as
feasible and still demonstrate the many complexities of the rate structure. 72.
Several cross country routes were given (Tables C-28, C-29, C-31, C-34 and
C-35) and the rates are gomewhat puzzling. Although the distances were vir-
tually the same, the truckload rate for 38,000 pounds varies more than 40 4
percent from the low rrnte $10.32 per cwt. to the high rate $14.75 per cwt.
If one wishes to concider NWS Concord, CA to WWSC Crane, IN, a cross country
route (2,255 miles) then the rate drops to $5.44 per cwt. Fcur short routes
were included, two intra-state (C-22 and C-33) and two interstate (C-36 and
C-37). The shorter routes seem to offer a greater variety of rates and those
rates also vary significantly. For example, a truckload of Class A Explosive
material going from NARF Alameda to NWS Seal Beach (417 miles) costs $0.95

per cwt., while a slightly larger truckload going from NWS Yorktown to NOS

Indianhead (170 miles) costs 32.18 per cwt. The rates, which may be affected
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by intrastate vs. interstate considerations or possibly by east coast vs. west
coast considerations do not adhere to a consistent pattern. One might infer
that the volume of traffic is an important factor since shipments to the

Navy Propellant Plant (C-35) seem to enjoy a favorable rate. One route was
requested twice, once with the origin and destination reversed (C-31 and C-35)
to see if that affected the rates. Generally speaking, it did not, although
there is one difference in the truckload rates for INERT material. It had been
learned in discussions with NAVAIR personnel that in some cases rates do vary
over the same routes, when different origins are considered. Two final examples
of puzzling data are contained in Table C-35 where the quoted truckload (TL)
rate was higher =han the less trucklocad (LTL) rate; and in Table C-28 where
the rate for INERT material was higher than for Class 4 Explosive material.

In summary, it appears that the primary cost influence on transportation
is the size of the shipment, followed by the distance shipped, the type of
material and security required. Obviously, local competitive factors as well
as many other considerations cause abberations in the data, some of which ave
quite significant. The level of security (Signature Security, Dual Driver
Protective Service) is determined by the asset managers and also can be an
important cost consideration. It is up to the user of this manual to select
certain rates as representative for each analysis and use them as estimates.
The analyst is zautioned that the variations in the rate structures Lave caused
variations in format in the ten tables (C-28 through C-37) and the reader

should exercise caution in extracting data from them. One final technical




R R

E

!,
75 L

1

i

:

note is that these tables on transportation (C-28 through C-37) are given in
non-nmetric units while the rest of the report is metric. The exception was
made in order to avoid confusion in a subject area which is already quite

complicated. Since the Navy and the trucking industry do not use the metric

system in computing or discussing rates, it was not used in this section.

o i 5

Metri: conversion factors are given at the bottom of each of the tables

containing transportation rates. 1 3
Based on Tables C-28 through C-37, other generalized factors were

developed specifically for use with air-launched missiles. The factors are i i

based on the four and one quarter yeérs data contained in this report. Over

this time span, it was determined that the three Weapons Stations were processing

missiles in the following proportions:

Weapon Station Workload Percent ‘
NWS Yorktown 13,595 " 50.0% é :
NWS Concord 5,571 20.5% ??’.
WS Seal Beach _8,002 29.57% é'l
27,168 ;ij

Workloads for the depots and NOS Indianhead for th¢ same time period were 5,658 ;
and 3,770 respectively. Assuming that the future flow of missiles from the
Weapon Stations is the same as in the past, 2xcept that all missile G&C sections f
will go to Alameda, there are basically six routes involved in the computation

of this factor.
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Pricing Reference
Yorktown to Alameda Table C-35
Concord to Alameda Organic Navy
$eal Beach to Alameda Table C-33
Yorktown to Indianhead Table C~36
Concord to Indianhead Table C-28
Seal Beach to Indianhead Table C-28

It is assumed that organic Navy vehicles will provide the transportation from
Concord to Alameda (a distance of 10 miles) and that the rates from Concord
to Indianhead are suitable analogs for the Seal Beach to Indlanhead route.

No charge is made for the former. Costs were ccmputed using the cheapest
truckload rate for Class A Explosive Material with Dual Driver Protective

Service. The factor is computed aes follows:

Min.Taetght Security Rate Factor

Origin % $/cwt  (thous.of 1bs) _($/cwt) (§/cwt) ($/cwt)

G&C NWS Yorktown 50.0 14.73 42 1.30 16.03 8.02

NWS Concord 20.5 0 - - 0

NWS Seal Beach 29.5 0.95 40 0.63 1.58 0.47

8.49

RM NWS Yorktown 50.0 1.46 40 0.35 1.82 0.91
NWS Concord 20.5 10.32 38 1.36 11.68 2.39

NWS Seal Beach 29.5 10.32 38 1.36 11.68 3.45

6.75

The two resulting factors expressed on a per pound basis are $0.0849 for a G&C
gsection and $0.0675 for a Rocket Motor. 1In the former case this is the average
cost of a one-~way trip from a NWS to NARF Alameda; in the latter, a one-way

trip from a NWS to NOS Indianhead.
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If the analyst wishes to tie this to the reject ratio of G&C
sections at the NWS, it can be expressed as costing $0.260 per pound

(FY79$%) 1in transportation costs for each G&C failure detected at the NWS,

e

Factor #1 Derivation

G&C $0.0849

Rocket Motor 0.666! x 0.0675 0.0450
0.1299

Return Trip _0.1299
Total $0.260/1b./G&C failure

The second factor is given in order to Jdemonstrate effect on the
rates of shioping in less than truck load (LTL) rates. A s{tuation which

frequently occurs due to the practical pressures of managing the missile

:
§
3
]
i
i
4

inventory. This factor is calculated in the sare manner as the previous one,except

4

that half of the misgile poundage is shipped in dromedary units. All routes

are calculated with Dual Driver Protective Service.

Dromedary

Rate Min. Wt. Security Rate Factor
Origin %  (S/cwt) (thous.of 1bs) ($/cwt.) (8/cwt) (Slewt)
GiC NWS Yorktown 50.0 38.63 2,500 21.84 60.47 30.24

NWS Concord 20.5 —_ —_ — - 0
NWS Seal Beach 29.5 10.80 2,500 10.09 20.89 __6.16
36.40
RM NWS Yorktown 50.0 12.18 2,500 5.72 17.90 8.95
NWS Concord 20.5 36.71 2,500 20.65 57.36 11.76
NWS Seal Beach 29.5 36.71 2,500 20.65 57.36 16.92
37.63

10.666 13 a vatio of containerized rocket motor welght to containerized G&C
weight of air-launcied miseiles shipped from IMA's to Depots as shown in budget
back-up material for che reriod FY76-78,
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The preceding calculation refers only to the rates for the poundage shipped F

: in dromedary units. To complete the computation each factor must be averaged
with the corresponding rate from the truckload computation, i.e., the G&C
rate would be (0.0849 + 0.3640) + 2, or 0.2245 per pound and the RM rate

would be (0.0675 + 0.3763) + 2, or 0.2219 per pound. To complete the example,

o1z e e e N

the calculations are as follows:

Factor Derivation (2}

el s T

G&C $0.2245
Rocket Motor 0.666 x 0.2219 0.1478 i
0.3723 i

Return Trip 0.3723 |3
Total $0.7446/1b/G&C failure it

All of the preceding discussion refers to transportation by commer-

cial motor freight. Although that is the way the vast majority of missiles

and missile components are currently transported, it is nevertheless possible to
ship by air. The Navy Material Transportation Office, Norfolk, VA, manages contract z“
air transportation called QUICKTRANS for the Navy, but there are several reasons ;
why it 15 less preferred than surface transportation. First, air transportation 4
of Class A and Class B explosives cannot be accomplished without a waiver of
Federal Aviation Administration regulations. As a practical matter, this is
geldom worth the effort. Class C material can be air-lifted in restricted
quantities. A second problem is the routing of air transportation. Getting

a shipment to and from a QUICKTRANS location can often completely offset the

S G S OO

time savings of shipping by air. Finally, the cost of shipping by air is alseo
a barrier. Mrs. Swindeck provided a rate of $42.16 per hundredweight for-

QUICKTRANS from Norfolk to the West Coast. 7This is compared to $10.82 for

et —

a less truckload (LTL) of INERT material from NWS Yorktown to NARF Alameda

(Table C-36 of Appendix C).
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Degpite this, it has been recently learned that authorization has been
given to ship virtually ell1G&C units from NWS Yorktown to NARF Alameda by
alr (QUICKTRANS). Therefore, a third factor is computed which is gimilar
to the second one except the G&C rate is computed entirely at the QUICKTRANS

rate for the Yorktown to Alameda route. All others are half-TL and half-LTL.

Rate Security Rate Factor
Origin % (§/cwt)  ($/cwt) (5/cwt) ($/cwt)
G&C NWS Yorktown 50.0 42.16 - 42.16 21.08
NWS Concord 20.5 - - - 0
NWS Seal Beach 29.5 5.88 5.36 11.24 3.32
24.40
Rocket Motor (Same as Factor #2) 22.19
Factor #3 Derivation
G&C , $0.02440/1b
Rocket Motor 0.666 x 0.2219 0.1478
0.3918
Return Trip 0.3918
Total $0.7836/1b/G&C failure

These factors which are applied to the number of pounds of G&C units
(containerized) detected as failures at the NWS and sent to the depot, estimate
the cost of transportation associated with those sections. They are, of course,
only three of an infinite variety of factor calculations that can be made
from the data in this section. The analyst 1s free to tailor the assumptions

to each new situation.
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There is, however, another requirement for transporation - the
transhipment of migsile and missile sections to meet load-out requirements
and for a number of other reasons. It would be extremely difficult to
obtain data on thigs type transportation and even more difficult to estimate

future requirements. However, discussions with Mrs. Swindeck (Au8-963-4721)

of the NWS Yorktown Supply Department indicate that the cost of transbhipping

1

missiles is approximately as great as that of shipping sections to the
repair facilities. Accordingly, each of the three previous factors should
be multiplied by a factor to account for transhipment costs. Assuming the

factor 2 1s used, the previous factors are modified as follows:

i M et it AR e o Blntinice bl .o

FACTOR ASSUMPTION REVISED FACTOR
1 All TL rates $0.520/1b /G&C failure
2 One~half TL, One-half LTL (Dromedary) 1.4892/1b/G&C failure
3 Yorktown to Alameda, QUICKTRANS
All other, same as Factor #2 1.5672/1b /G&C failure

9c. Cost-Estimating Relationship - The analyst can use a generalized factor

or the specific rates in Tables C-28 through C=-37 of Appendix C. If the
latter is utilized, then the following information must be obtained
regarding the transportation requirements:

the number of missile G&C sections
requiring transportation to the depot and back.

Lile numbe:r ul missile rocket motors requiring transportation
to the depot.

PR O R TE S TORE s . rrapeeront PR P T3 LA

. the containerized wights of all sections and AUR's to be shipped.
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the number of AUR's requiring shipment to meet loadout
requirements.

the transportation required for other reasons, e.g., shipment
to Pacific Missile Test Center (PMIC) Pt. Mugu, CA.

81

the quantities, shipment sizes, level of security for all of above.

The analyst can then compute specific shipment costs.

If a generalized factor is sufficiently accurate, the analyst can use

one of the three given in this section, The equations are:

SDT

SDT

SDT
where,

SDT

ASW

WL x ASW x 0.5200 (using Factor #1)
Wl x ASW x 1.4892 (using Factor #2)
WL x ASW x 1.5672 (using Factor #3)

the annual cost of Second Destination Transportation (FY79SK)

the depot workload; ie., the number of G&C sections processed.

the unit containerized weight of the G&C unit (in thousands of

pounds)

(See Exhibit III1-5 for containerized weights of missiles
currently in the inventory.)

9d.1 Example Calculatioa 1:

Asgume:

SDT

WL

ASW

Generalized Factor #3 is appropriate:
= 144 G&C Sections

= (0.228 pounds

144 x 0,228 x 1.5672

51.5 (FY793K)
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EXHIBIT III-S

WEIGHTS OF AIR-LAUNCHED MISSILES
(pounds)

Missile/Section Weight of Units per Unit Contain-

Weight Container Container erized Weight
Phoenix (ACM=544A)

AUR 985 580 2 1,275

Guidance 146 64 1 228

Control 116 26 1 142

Propulsion 465 370 1 835

Shrike  (AGM-45A, B)
I AUR 375 500 3 542
§ Guidance 96 41 1 137
g Control 33 33 1 66
5 Propulsion 162 140 1 302
% Sidewinder (AIM-9G, H)
g AUR 190 520 4 1,320
% Guidance & Control 44 67 2 78
f Propulsion 99 30 1 129
L Sparrow (AIM-7E) =
| AUR 500 695 3 2,732 4

g Guidance & Control 156 135 1 291
4 Propulsion 156 124 1 280
5 Standard (AGM--78D)
4 ARM AUR 1,370 680 1 2,050
Guidance 77 150 1 277
£ Control 76 68 1 144
{ Propulsion 724 268 1 992
g Walleye I
Ef AUR © 1,100 725 2 1,463
Guidance 102 118 1 220

Control 119 118 1 237

4

Metric Conversion: 1 pound = (0.453 kilograms
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f 9d.2 Example Calculation 2: (Using modified Factor #2)
Assume:
d IMA Annual Workload = 1,500 missiles
IMA Reject Ratios (G&C) = 0.22
IMA Reject Ratio (RM) = 0.05
b G&C Containerized Weight = 0.228 pounds (K)

RM Containerized Weight = 0.900 pounds (X)

WL = 330 (1,500 x 0.22)

Recompute Rocket Motor Factor:
G&C Poundage = 1,500 x 0.22 x 0.228 = 75.24 (K)
RM Poundage = 1,500 x 0.05 x 0.900 = 67.50

RM Factor = 67.50 + 75.24 = 0.897

Factor #2 1s revised as follows:

G&C $0.2245/1b/G&C failure
Racket Motor 0.897 x 0.2219 0.1990
0.4235
Return Trip 0.4235
0.8470
Transhipment Costs 0.8470

$1.6940/1b/G&C failure

SDT = 330 x .228 x 1.6940

= 127.5 (FY79$K)

b - -~ VPP { T PPt 1S = g

oot . -
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10. RECEIPT, SEGREGATION, STORAGE AND ISSUE (RSSI)

10a. Definition - This is the cost of personnel and material required for

the on-loadings and off-loadings of ships, movement and handling of missiles
to and from storage depots and NWS's, and storage of missiles.

10b. Discussion - The Naval Weapons Support Center, Crane, Indiana, maintains
cognizance over the RSSI program and annually publishes a RSSI, Forecast of
Requirements. The data contained in Table C-38 of Appendix C is from the
Forecast of Requirements dated April 6, 1978. Since the RSS1 functions sup-
port many other weapons and/or types of ammunition it is important to identify
the costs incurred specifically for air-launched missiles. The Forecast of
Requirements does identify the cost of receipts and issues for air-launched
missiles, but the cost of on-loading and off-loading must be allocated. The
procedure used to obtain the data in Table C-38 for on-loading and off-loading
was to compute the average cost per ton for AO/AOE's and/or carriers and apply
the cost per ton respectively for on-loading to issue tonnage and the cost per
ton for off-loading to receipt tonnage. Mr. Wimmenauer of NWSC, Crane, (autovon
482-1308),who supplied the data and recommended the allocation procedure, is
the expert on RSSI.

10c. Cost-Estimating Relationship - Although RSSI costs are not identifiable

at this time to a particular type missile, an estimate can be obtained using
the average cost per ton data contained in Table C-38 (Avg. = 0.29 per ton,
FY798K). The equation is as fellows:

RSSI = NT x 0.29

NT = NWSWL x WM

PRI —.

ot e e
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where, 3

RSSI the annual RSSI cost for a particular missile type (FY79S8K).
NT = the number oI short tons to be handled by the RSSI department.

NWSWL = the annual NWS workload; i.e., the number of missiles of a E: .
particular type which undergo NWS maintenance in a year.

WM = the containerized weight per missile (short tons).

10d. Example Calculation

Assume: &4 missile per container, total weight = 0.900 short tons

NWSWL = 1199 missiles 2

WM 0.225 short ton

RSSI

1199 x 0.225 x 0.29

78.6 (FY79%K)

Note: 1 short ton = 2,000 pounds = 907 kilograms
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11. REPLACEMENT TRAINING

lla. Definition - This is the variable cost of recruit and technical training
including:
o the pay of personnel in training who +7ill replace missile
operations, below-depot maintenance and installation support
personnel,

o the cost of their instruction,

o the pay of instructor personnel.

11b. Discussion ~ This cost may be estimated utilizing the factors in the

Navy Resource Model (NARM) Program Factors Manual, which were develcped by

summing all of the costs of the students and two-thirds the cost of staff
personnel and operating funds for the program elements shown belcw and alloca-

ting them to weapons systems on the basis of their personnel demands.

81114N Flight Training

81111N Recruit Training

81112N Specialized Training E.
81113N Professional Training )
24633% Fleet Support Training

88097N Administrative Support Training

As with Base Operating Support, the factors used to compute this cost are not

explicitly identified in the narrative of the Navy Program Factors Manual, al-

though those factors used ir the 31 August 1977 Factors Manual are given in
this report. Information on subsequent revisions can be obtained from Ms. Ruth,
0p-901 (X-55038).

llc. Cost-Estimating Relationship - The equatioi.s are:

T0O = 0.0001 DBE + 0.0028 DBT + 0.0613 DBO

TE = 0.1036 DBE + 0.0233 DBT + 0.0067 DBO

1 2
i
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TOM = 0.0041 DBE + 0,.3377 DBT B
TRT = (TO x OPR) + (TE x EPR) + TOM
wvhere,

TO = the number of training officers required to support the
weapon system.

DBE = the number of direct en" . d plus base operating enlisted ki
(def{ined and computad in section III, 5c.) required to sup- .
port the weapon system. .

DBT = the number of tota. (officer and enlisted) personnel, direct
and base operating (defined and computed in Section III, 5c.)
required to support th2 weapon system.

a1 opiilis b o

DBO = the number of direct officers plus base operating officers,
(defined and computed in Element 5) required to support the
weapon system.

TE = the number of training enlisted required to support the
weapon system.

TOM = training O&M funds. (FY793%K)

TRT = total replacement training costs. (FY795K)
OPR = officer pay rate. (FY79$K = 22.141) ;
EPR = enlisted pay rate. (FY798K = 9,517)

114. Example Calculaticn

Assume: -
DBE = 6.0

DBT = 6.0
DBC = 0

TO

0.0001(6.0) + 0.0028(6.0) + 0.0613(0)

0.02 = 0.0 officers

TE 0.1036€ ¢) + 0.0233(6.0) + 0.0067(0)

0.7 enla
TOM = 0.004.16..  + 0.3377(6.0)
2.1 0&M funds (FVY798K)
(0 x 22.1) + (0.7 x 9.5) + 2.1 &
8.8 (FY795K)

TRT

i
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12. HEALTH CARE

12a. Definition - Health Care 1s the cost of providing medical support to
missile operations, below-depot maintenance and base operating support
and training pipeline personnel including:

o the pay of medical personnel who provide this support,

o the cost of medical material.
12b. Discussion - The NARM estimates this cost by summing two~thirds (2/3) of
the cost of medical operations and adding the pay of patients. The program

elements are:

81211N Hospitals

81212N Medical Centers

81216N Other Medical Activities
81213N Patients

As with Base Operating Support and Replacement Training, the factors used to
compute this cost are not explicitly identified in the narative of the Factors
Manual. Those factors used in the most recent edition, 31 August 1977, are
given in this report and subsequent revisions can be obtained from Ms. Ruth,
0p-901 (X-55038).

12¢. Cost~Estimating Relationship - The equations are:

HO = 0.0092 DIT

HE 0.0182 DBT

HOM

0.4148 DBT
HT = (HO x OPR) + (HE x EPR) + HOM
wheve,

HO = the number of health care officers necessary to support the
weapon system.

T
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HE

HOM

HT

OPR
EPR

124. Example

= the total number of personnel, officers and enlisted,
direct plus base operating required to operate and pro- i
vide base support to the missile system (from Section III, 5c.)

= the number of health care enlisted necessary to support
the weapon system.

= the health care 0O&M funds necessary to support the
weapon system.

= the total cost of health care necessary to support the
weapon system. (FY795K)

= officer pay rate (FY79$K = 22.141)

enlisted pay rate (FY798K = 9.517)

Calculation

Assume:

HO

HE

HOM

HT

DBT = 6.0 (from Element 5, Section III, Sd.{
= 0.0092(6.0) |
= (O.lofficer
= 0,0182(6.0)
= 0O.lenlisted
= 0,4148(6)
= 2.5 0&M (FY79$K)

= (0.1x 22.1) +(0.1x 9.5) + 2.5

= 5.7 (FY798K)
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13. PERSONNEL SUPPORT

13a. Definition - Personnel Support is comprised qf two parts. The first part
consists of the costs incident to the Permsnent Change of S:tation (PCS) of
missile operation and below-depot maintenanée personnel, either individually

or as an organized unit, and base operating support personnel. PCS 1s the

cost of duty station rotation for all squadron and supporting personnel. The
second portion is the cost of recruiting and examining activities and the cost
of transient personnel and prisoners.

13b. Discussion - PCS rates are figured in the Navy Resource Model by dividing

the total PCS cost by the number of personnel, preducing an annual PCS cost per
person (officers/enlisted). This 1s applied to the number of personnel opera-
ting and supporting the missile system to obtain an estimate. The other costs,

recruiting and examining, transients and prisoners, are estimated by the NARM

by summing two-thirds (2/3) of the cost of recruiting and examining activities and

all of the costs associated with transients and prisoners; and allocating these
costs to the weapon system on the basis of the number of personnel. The pro-

gram elements are giveu below:

81412N Recruiting and Examining
81411N Prisoners
81415N Transients

13c. (Cost-Estimating Relationship - The equations for estimating Personnel

Support are:

PCS = 1.4515 DBO + 0.4615 DBE
REOM = (0.0889 DBE
REO = 0.0009 DBE
REE = 0.1036 DBE

.uva.h:U{iJJ

Y CE I




92

where,

PCS

DBO

DBE

REOM

REO

REE

PE
TOT

DBT

TET
TPA
OPR

EPR

PE = 0.0119 DBE
TOT = 0.0584 DBT

TET = 0.0433 DBE

TPA = REOM + (REO + TOT) x OPR + (REE + PE + TET) x EPR + PC$S

the annual cost (MPN funds) of PCS for weapon system
direct and base operating personnel. (FY79$K)

the total number of officer personnel, direct plus base
operating, required to operate and provide base support
to the missile system (from Section III, Sc.)

the total number of enlisted personnel, direct plus base
operating, required to operate and provide base support
to the missile system (from Section III, 5c.)
recruiting and examining O&M funds. (FY79$K)

the number of recruiting and examining officers necessary
to support the weapon system.

the number of recruiting and examining enlisted necessary
to support the weapon system.

the number of enlisted prisoners.

the number cf officers in transit.

the total number of personnel, officers and enlisted,
direct plus base operating, required to operate and provide
base support to the missile system (from Sectfon III, 5c.)
the number of enlisted personnel in transit.

the total cost of Personnel Support. (FY79$%K)

officer pay rate. (FY79$K = 22.141)

enlisted pay rate. (FY79$K = 9.517)

13d. Example Calculation

Assume:

DBO = 0.0 off:.cers

3
3
i
i
!
1
1
3
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DBE

DBT

PCS

REOM

REO

REE

PE

TOT

TET

TPA

L]

6.0 enlisted

6.0 total personnel
1.4515(0) + 0.4615(6.0)
2.8 MPN funds (FY79$K)
0.0889(6.0)

0.5 0& funds (FY79$K)
0.0009(6.0)

0.0 officers
0.1036(6.0)

0.6 enlisted
0.0119(6.0)

0.1 enlisted
0.0584(6.0)

0.4 officers
0.0433(6.0)

0.3 enlisted

93

0.5+ (0.0 + 0.4) x 22.1 + (0.6 + 0.1 + 0.3) x 9.5 + 2.8

21.6 (FY795K)
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14, REPLENISHMENT SPARES

l4a. Definition - This is the cost of procuring missile spares and repair
parts which are normally repaired and returned to stock. In addition, this
cost can include procurement of stock levels that are not provided by initial
spares procurement. Repairable items are identifiable by the Aviation Supply
Office (ASO) cognizance (COG) codes 6E (air-launched missile, non-explosive
components) and 4E (air-launched missile, explosive components).

14b. Discussion - The requirements for 6E COG items are determined by the
Inventory Control Point (ICP) which is the Ships Parts Control Center (SPCC),
Mechanicsburg, Pennsylvania, through line-item stratification.* Usage rates,
demand/issue data, carcass-return-rates, procurement lead times, and other
factors are incorporated into the analysis to estimate the annual requirements
for each Nationally Stock Numbered (NSN) item. 4E COG items are handled in
gimilar fashion but tend to be heavily dependent on age-of-component consider-
ations as opposed to observed failures.

Data for Replenishment Spares was obtained from Ms. Savage (X-20239)
of NAVAIR 4123 and are shown in Tables C-39 and C-40 of Appendix C. The reader
is cautioned that Replenishment Spares costs are extremely changeable and can
vary significantly from missile to missile and from year to year depending on
variation in the factors mentioned in the preceding paragraph. As an example,
the following table pi2sents two estimates of the costs of 6E COG Replenishment
Spares for the fiscal year 1980. The first column presents the costs as they
were estimated in gupport of the 1979 Program Objective Memorandum (POM 79);

and the second, as they were estimated for POM 80.

*For more information on this process, refer to DOD Instruction 4140.24,

it i LN N il o et

4
i
3
3
3
[
1
|
|
1
]
]
&
1
;
|
3
E
%
3
a
1
|
|
|




96

6E COG Replenishment Spares for FY80

POM79 POMBO
Missile (FY7938K) (FY7938K)
Sidewinder 730 1,423
Sparrow 774 384 :
Shrike 59 604 :
Standard Arm 171 402
Phoenix 455 203
Harpoon 703 77

l4c. Cost-Estimating Relationship - Keeping in mind the changeability of 2

these costs, one can estimate the annual cost of Replenishment Spares with

the following equation: s

RS = 151.912 + 55.220PI
(5.53)

R2 = 0.86
S.E.E. = 242.871

Det.ot X'X

1.000
F = 30.624
where,

RS = the annual cost of Replenishment Spares (4E COG and 6E COG)
for a particular type missile. (FY79$K)

PI = the percent of the missile inventory comprised by the
particular missile.

DATA BASE
RS P1!
(FY82) %

Missile (FY793%K) (FY82)
Sidewinder 1,401 23.0
Sparrow 2,034 33.1 .
Standard Arm 163 3.9 -
Phoenix 769 16.4
Harpoon 1,073 13.1 %
HARM 756 6.2 :

IThe variable PI has been adjusted from the values shown in Exhibit IV-1 to
reflect only those missiles that have Replenishment Spares funding.
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14d. Example Calculation

Assume:

PI = 18.5 (avg. of life cycle)

RS = 151.912 + 55.220(18.5)
= 1173.5 (FY79$K)

=

ETY
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15. MODIFICATIONS

iy e gy | e ey e i

) 15a. Definition - This is the cost of modifying missiles, missile support

equipment, and training equipment that are in the operating inventory to make

them safe for continued operations, to enable them to perform their missions
) and to improve reliability to reduce maintenance cost. This includes labor,

modification kits, and consumable material.

(, C LT T AT D (1 P R

15b. Discussion - Data for the cost of procuring modification kits or material

e

was obtained from the WPN Budget and are shown in Table C-41 of Appendix C.
Generally the procurement of Modifications is funded with WPN by the specific
program office responsible for the missile and depends on a myriad of factors

such as threat considerations, maintainability, safety, etc. Installation of

AU L M-S

Modificationg,which is funded by O&MN and takes place at the depots and some-
times the NWS's, is dependent on the amount and kind of modification material
that has been procured and is avallable for installation. Installation data
from the FY78 and FY79 budget submissions is contained in Table C-42.

15c., Cost-Estimating Relationship - For some missile programs, the planned

B I A Bit 2. Looc i~ bR b ol
..

modifications kits or components may be specified in sufficient detail so that

unit procurement and installation costs can be estimated using conventional

ﬁ procurement estimating methodology. In these cases, the analytical represen-

tation of the cost of Modifications would be:

M = NMK x CMK + NMI x CI

where,

M = the annual cost of Modifications for an air-launched missile
type. (FY79$K)
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NMK = the annual number of modification kits to be procured.
CMK = the unit cost of a modificacion kit. (FY79$K)
NMI = the annual number of modification kits to be installed.

CI = the unit cost of installing a modification kit. (FY79$K)

For most missile programs still in development, there are no planned

modifications and the analyst is forced to make an estimate with no supporting

program information. Data from Tables C-41 and C-42 for the years FY78 and

T TR YT

FY79 are summarized below to serve as guidelines or possible analogs.

¢ Modification Costs (FY79$K)

. FY78 FY79

%i Proc. Install Total Proc. Install Total

:

L Sidewinder 0 5 5 300 10 310

" Sparrow 750 659 1,409 1,725 626 2,351 .

A Walleye I 0 0 0 0 0 0 H

3 Walleye II 0 0 0 0 0 o] 4

b Shrike 0 0 0 700 0 700 e

§ Standard Arm 0 15 15 0 15 15 g

E Phoenix 2,170 169 2,339 5,214 169 5,383

g Harpoon 0 0 0 0 0 0 E
Harm 0 0 0 0 0 0 4

T

15d. Example Calculation

Assume example missile has Modifications costs comparable to the FY79

Sidewinder experience.

1
A

M = 310 (FY79$K)

Pm = ey e RET T LT 2 ST L
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16. REPLENISHMENT GROUND SUPPORT EQUIPMENT (RGSE)

16a. Definition -~ Replenishment Ground Support Equipment (RGSE) is the cost

of proruring missile ground servicing equipment, maintenance and repair sliop
equipment, instruments and laboratory test equipment, and other equipment items. r?

These equipment. demands are generated by a need to: (1) replace peculiar sup-

port equipment bought using procurement funds; (2) obtain common off~the-shelf
ground equipment that are needed to support missile operations; and (3) re- ‘;f
plenish common ground equipment that is no longer useable. 5%?‘
16b. Discussion - These items are funded by the program office but unfortu-

nately it is sometimes impossible to distinguish replacement items from initial
items, therefore no data is currently available. Discussions with NAVAIR per- i;
somiel indicate that RGSE costs for air-launched missiles are small. Items : f
bought to be used in handling at the organizational level are relatively in-

expensive and the expensive test sets at the NWS's and depots are seldom re-

oD - B o
L bt e iy o 9

placed entirely.

16c. Cost-Estimating Relationship - One method of estimating this cost is given

s —————— -~
Lo

below. It was developed from an 0SD analysis of RGSE for all types of weapon ! &;
syastems.

RGSE = 0.0025 x WL x CAC1000

wherce,

RGSE = the annual cost of Replenishment Ground Support Equipment.
(FY79S$K)

WL = the annual depot workload (cowputed in Element 6, Sec.III, 6c.)

CAC = the cumulative aversge hardware cost of the first one
thousand missiles procured. (FY79$K)

1000
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164.

Example

Calculation:

C

Assume:
WL

A¢1000
RGSE

= 144 (from Element 6)
= 145 (from Element 6)

0.6025 x 144 x 145

= 52.2 (FY79SK)
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This section contains the data which were used in the cost-esti-
mating relationship (CER) development including all independent or explana-
tory variables. The compilation of these data will enable the reader to continue
CER development as new data become available in the future. It is important
to point out some of the classical problems of CER development which were
encountered in this study and will undoubtedly be encountered in future mis~
sile CER development.

The initial problem is the small data base, having at most eight
observations. 'No degree of sophistication in the use of advanced mathematical
statistics can compensate very much for a seriously deficient data base.'*
Although this data base is not "seriocusly deficient,” it does limit the flexi-
bility of the analysts to make corrections for other data problems and still
perform extensive statistical analyses. The other data problems which are
also discussed by Fisher in the cited reference are temporal and comparability
problems. The former is a group of problems that arise because information is
collected over time; the first of which, adjusting for price level changes, is
not too difficult to handle. OSD indices which are given in Secriun III were
used to adjust all costs to FY79 dollars. A second temporal problem is the
fact that formats and reporting requirements have changed over time¢, thus
making 1t difficult or impossible to obtain each desired datum for every time
period. This results in CER's which are based on data from slightly different

time gpans. This brings us to the third temporal problem, that of the quickly

*Figher, Gene H., Cost Consideraticns in Systems Analysis, American Elsevier
Publishing Co., Inc., New York, 1971, p. 123.
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changing environment, both in hardware and in organizational and operational
concepts. This makes it important to collect as many observations as possible
which reflect the same environment, or to explicitly present environmental
factors as dependent varlables. Both are difficult to do with the small pop-
ulation of air-launched missile types.

The second gr up of problems is concerned with comparability and

there are many comparability considerations to be made for this data base.

The most obvious one is the case of the Walleye I and 1I, which are unpowered
weapons. This is the reason that a CER was included in the Depot Maintenance f

section which estimates only G&C repair c~st. The Harpoon nissile also pre-

sents a comparability problem since it contains a small jet engine rather than

T

a rocket motor; the Sidewinder missile is another, since under the current
maintenance philosophy none of the G&C components are repairable. Standard

Arm is yet another, because the small number in the inventory results in an

\
Sl i i apeiat oA

unusually high unlt cost. There are other comparability problems as well -

some maintenance is done commercially rather than within the Navy; and some

missile systems are just entering the inventory while others are being phased

out.

The purpose of mentioning these problems 1is to alert the user to
their presence and the fact these problems might result in a CER of a form

which is contrary to a rational causal relationship (e.g., a negative intercept

WY TP

or slope). Analytical corrections of observations is very subjective and would
require extensive research, and to remove the questionable observation is dls-

advantageous because of the small size of the data base. For the statistical
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CER's contained in this report, an examination of the residuals was made to
determine any obvious signs of temporal or cowparability problems. Generally, ;é
L ad hoc adjustments would not have improved the CER's but, again, the user is
alerted to make these considerations when future data is analyzed.
The data used for CER development is contained in Exhibits IV-1 and
IV-2. The latter contains Renlenishment Spares data and the associated explan- ;;
atory variables which were investigated; while the former contains NWS, Depot,
Quality Evaluation, Fleet Support, and Engineering Support costs and explana- ,
tory variables. Exhibits IV-3 and [V-4 contain the correlation matrices for f
the data in Exhibits IV-1 and IV-2 respectively, and Exhibit IV-3 contains a 4
definition for eac variable in ExhibitsIV-1 and IV-2. |
i
’
J !

e ——— - s e e
. Las — - — .
S T SIS | s oo 3 e A R, S TE R STy T AT I T T TS B S S RS S L S T ¥ 22 e - TR T 3 TR (T SRR AR ST Ll FETT TS LA ) ey




—— - e e———— . i £y T Ty drbree i i i e B G e i e e i .

P
' 108
F
EXHIBIT IV-1l
DATA BASE FOR COST-ESTIMATING RELATIONSHIPS
,
! 1 2 3 4 5 6 7 8
pucC NWS IRR D L LW LWO LWOP
Missile (FY79$K)  (FY79$K) (m) (@)  (kg)  (kg)  (kg)_
. Sidewinder 3.59 1.069 0.13  0.128 2.90 85 77 32
? Sparrow (AIR)  3.97 1.837  0.30  0.204 3.66 227 200 129
; Walleye I 2.19 1.15  0.07  0.381 3.44 510 225 225
Walleye II 2.85 1.343  0.09  0.457 4.04 1,089 182 182
Shrike 1.12 1.358  0.22  0.204 3.05 181 137 63
Standard Arm  15.35 3.483  0.30  0.335 4.56 615 548 220
; Phoenix 6.90 1.765  0.24  0.381 3.96 47 421 211 A
Harpoon 5.94 2.669  0.19  0.335  3.81 530 375 322§
j &
Z‘ ‘
i
: 9 10 11 12 13 14 15 16
‘ 79QE QE FS ES4 ESS ES DDG VS
: Missile (TY79$K) (FY79SK) (FY79SK) (FY798K) (FY793K) (FY79$K) (FY79$K) (Mach)
: Sidewinder 480 465 271 742 689 1431 2.1 4.0
; Sparrow (AIR) 399 397 271 853 358 1 241 3.1 2.5
' alleye I 142 176 117 276 71 347 1.8 1.0
Walleye II 71 88 52 145 16 181 2.5 1.0
. Shrike 337 324 192 439 218 657 1.3 2.0
. Standard Arm 119 90 107 433 276 709 9.4 2.0
! Phoenix 390 268 170 509 238 747 8.7 5.0
Harpoon 315 262 98 703 154 857 4.1 0.8

Note: See Exhibit IV-5 for definitions.
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EXHIBIT IV-1 (cont'd.)
DATA BASE FOR COST-ESTIMATING RELATIONSHIPS

17 18 19

P179 CACi1000  aap
Migsile 4 (FY79%K)
Sidewinder 14.30 35.4 1
Sparrow (AIR) 14.10 129.6 1 é
Walleye I 18.30 47.3 0
Walleve II 2.90 56.1 0 3
Shrike 20.60 48.7 0 3
Standard Arm 2.00 222.0 0

; Phoenix 5.90 335.2 1

Harpoon 3.10 340.9 0 :

vy

G s o

3 Note: See Exhibit IV-5 for definitions.
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EXHIBIT IV-2 _
DATA BASE FOR REPLENISHMENT SPARES COST-ESTIMATING RELATIONSHIPS 4

20 21 22 23 24 25 26 27 -
RS79 RSB0  Rs84 PI79  puc  *C1000 aaD WO e
Missile (FY79SM) (FY79SM) (FY79SM) _ X (FY793K) (FY79$K) (kg) 4
Sidewinder 2.60  3.17  2.87 14,3  3.54 3.4 1 77 'f 
Sparrow (AIR) 0.77 0.59 0.56 14.1  3.97 129.6 1 200 i
Shrike 0.72 0.83 0.76 20,6  1.12 48.7 0 137 -
Standard Arm 0.27 0.41 0.38 2.0 15.35 222.0 0 548 'y
Phoenix 0.10 0.20 0.33 5.9  6.90 335.2 1 421 E:
Harpoon 0.20  0.31  0.38 3.0 5.9 340.9 0 375 E
Harm 0.00  0.00  0.28 0.0  4.64 105.0 O 284 i
28 29 30 31 32 33 34 35 :
P180 PI RS82 NWSWL 80RS RS IV80 IN82 3
Missile % % (FY79$R) (thous.msl.)(FY798K) (FY79$K) (FY793M) (FY79$M)
Sidewinder 12.4  10.7 2,880 1.63 1,395 1,401 :
Sparrow (AIR)  15.8 15.4 606  1.43 833 2,034 E
Shrike 18.5 17.9 702 0.56 285 276 !
Standard Arm 1.8 1.8 391 0.08 163 163 t
Phoenix 6.1 7.6 246 0.97 428 769 ?
Harpoon 4.0 6.1 588 0.00 893 1,073 '
Harm 0.1 2.9 102 0.00 0 756 ; |

Note: See Exhibit IV-5 for definitions. i
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i EXHIBIT IV-3

. CORRELATION MATRIX FOR DATA IN EXHIBIT IV-1

i 1 2 3 4 5 6 7 8 9 11

1 1,000

2 392 1,000

3 .583 ,6%0 1.y0n

4 196 121 -.295 1.000

S .78 756 379 .68% 1.000

6 201,210 -.325 .39% .693 1.000
7

8

9

10

rar

L8377 .868 .S521 .432 .342 .328 1.000
404 _.S75 .004 7?35 (BF3 .570 .717 1.000
-.256 -,256 .2@98 -.7H6 ~-.397 —-.341 -.321 —-.470 1.000
~.421 —.404 .161 -.872 -.755 -.37% -.551 -.512 .%49 1.000
11 -.247 =.3%1 .3%9 -,337 -.B517 -.338 -.453 -,720 .35% .39
12 LUSS L1528 JS18 -.720 -.28BB =.724 -, U086 —-_1%0 327 .306
13 LU78 =, 103 238 -.835% —-.436 —-.7a2 -.20% ~.84%9 737 7
14 <071 L0042 420 —-.845 -,396 - TET -.180 —-.433 .894 .,
15 .385 .734 .596 .334 770 201 .212 .442 -.1l1E -.371
16 L1188 =~ 176 W317 —.367 -, 174 -.493 L, 022 ~.429 .632 .525
17 =-.663 —.660 -.184 -.58% -,333 -.676 -.631 ~, 6323 .33 .532
18 569  L.674 497 317 .S?6 117 .304 705 .131 -.147

- 19 —=_077 ~.274 287 -.483 -.252 -.543 ~-,196 —-.429 778 .715

: 11 12 13 14 15 16 17 18 19
11 1.000 -
12 o754 1,000 .
13 LA18  .696 1,000

14 -850 .934 .906 1.000 .
ls —.215 019 -.013 .00 1.000
; le  -622 .3%% .43 .54% .393 1.000
! 1= .S85 185 .234 L1951 -.570 .064 1,000
1§ -—-235 .25 —.153 .091 .745 202 -.555 1.000
lg  -793 .643 .701 .729° .133 .345 .141 .0%4 1.000
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20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

3n
31
32
33

35

EXHIBIT IV-4

CORRELATION MATRIX FOR DATA IN EXHIBIT 1IV-2

20 21
1.000
.921 1,000
»393 3996
.395 370
—. 348 -, 292
-.609 -,.Seéu
<S03 480
—. 702 - 543
«D23 449
403 326
LO92 1.000
. 737 .AT3
L7281 _7&Z
-403 314
-. 193 —-,253
~-.346 -_377
30 31
1.000
LHTE 1,000
L7677  .6821
L3322 .564
-.24% .336
-. 372 .148

22

. 000
. 293
-. 317
-.5584
.45
-.5650
<402
. 235
. 997
.553
«7S0
.324
-.28995
-. 392

32

1.000
v
.252
.193

]

-. 055
—-.313 -.117

23 24

1.000
. 151
439
« U35
-.171
- 959
- 37S
- 351
=413
. 054

1.0U00

. 439
-. 230

.374
-.545
-.727
-.306
-. 506
-. 325
—.412
-.159

33 34
1.0010
-¥51 1.000
£ 373 .947

25

1. 000
-. 0Se

s
—. 545
~-. 487
~. 553
—. 457
=-.105
-. 112
* 49 '9
e DB

35

1.000

26 27
l1.000
—+330 1,000
.39? e ?48

«356 ~-.745
« 470 —. 580
«833 -.K894
<399 - S04

.835 -, 453
.555 .u74
.40S  .21a

28

l. l:l [I ]
.353
L4447
. 805
.411
. 346
.351
.121

29

1.000
. 328
o747
. 347
« 355
-428
-217
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EXHIBIT IV-5

DEFINITIONS OF DATA ELEMENTS IN EXHIBITS IV-1 and IV-2

Number Abbr.
1 DuC
NWS
3 IRR
4
5
6 W
7 LWO
8 LWOP
9 79QE
10 QE
11 FS
12 ES4
13 ESS
14 ES
15 DGC
16 MS
17 P179
18 CAC1000
19 AAD
20 RS79

Definition

the total depot unit cost for a particular type missile (FY79$K)
the unit cost of NWS maintenance (FY79$K)

the intermediate reject ratio, i.e., the percentage of missiles
processed by the NWS which are determined to be failures and
are sent to the depot for repair.

the missile diameter (meters)
the length of the missile (meters)
the launch weight of the missile (kilozrams)

the launch weight of the missile less the ordnance welght
(kilograms)

the launch weight of the missile less the ordnance and
propulsion weights (kilograms)

the annual cost of Quality Evaluation for FY79 (FY79$K)
the average annual cost (FY77-79) of Quality Evalua*tion (FY79$K)
the average cost (FY76-79) of Fleet Support (FY79SK)

the average cost (FY76-79) of Engineering Support funded by
NAVAIR 4104 (FY798K)

the average cost (FY76-79) of Engineering Support funded by
NAVAIR 510) (FY79$K)

the average cost (FY76-79) of total Engineering Supjort - the
sum of 13 and 14 (FY79%K)

the depot unit cost of rework of a missile G&C section.
(This does not include repair of G&C repzirables.) (FY79$K)

the maximum speed of the missile during free flight (Mach)

the percentage of the inventory represented by each missile
in FY79

the cumulative average cost of the first one thousand missiles
procured (FY79$K)

a dummy variable which is equal to 1 for air-to-air misziles,
and 0 for air-to-ground missiles

the annual cost of Replenishment Spares in FY79 as shown in POM
80 (Fy79sM)
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Number Abbr.

21

22

23

24
25

26

27

28

29

30

31

33

34

35

RS80
RS84
P179

DUC
CAC1000

AAD
LWO
PI8O
Pl
RS82

NWSWL
80RS

IV80

1v82

EXHIBIT IV=5 (cont'd.)

Definition

the annual cost of Replenishment Spares in FY80 as shown in
POM8O (FY795M)

the annual cost of Replenishment Spares in FY84 as shown in
POMBO (FY793M)

the percentage ot the inventory represented by each missile
in FY79

the total depot unit cost for a particular tvpe missile (FY79$K)

the cumulative average cost of the first one thousand missiles
procured (FY79$K)

a dummy variable which is equal to 1 for air-to-air missiles,
and O for air-to-ground amissiles

the launch weight of the missile less the ordnance weight
(kilograms)

the percentage of the inventory represented by each missile in
FY80

the percentage of the missile inventory represented by each
missile in FY82

the annual cost of Replenishment Spares in FY82 as shown in
POM80 (FY7935K)

the annual NWS workload based on FY79 (thousands of missiles)

the annual cost of Replenishment Spares in FY80 as shown in
POM79 (FY798K)

the annual cost of Replenishment Spares in FY82 as shown in
POM79 (FY79%K)

the inventory value of each missile based on FY80 inventory
(FY795M)

the inventory value of each missile based on FY82 inventory
(FY795M)
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APPENDIX A

CAIG GUIDANCE ON AIR-LAUNCHED
MISSILE 0&S COST ELEMENT STRUCTURE
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OFFICE ©° THE SECAZTARY OF DEFENSE ' 117 ;
V)AsumoroN. 0. €. 2030

August 31, 1977

e s

.

MEMORANDUM FOR THE COST AHALYSIS IMPROVEMENT GRCUP (CAIG) AND
VAMOSC TASK FORCE

SUBJECT: Weapon System Operating and Support Cost Element Structures
and Definitions_

As you know, we have been working with the Services and the 0SD
staff for some time to develop CAIG operating and supsport cesting
structures for selected weapen classes,

Enclesed are aircraft, ship, com>at vehicle and air-launched
tactical missile cost element structures and definitions. The aircratt
structure reprasents a moditication %0 the structure contained in the
“ay 1974 CAIG 03S cost develeoment guide fof aircratt systems. The
ship, combat vehicle and tactic:) missile structures have not been
previously issued.

IUNIOE g tn dyors

Effective immnecdictely, these new structures will be used when
prenaring and submitting 0&S cost estimates of these weapon ciassa2s %0
the CAIG/DSARC and as the basis for collecting 0&S cost cdata urder 002's
VAMCSC Task. .

e S S

- Qur current schecdule calls for issuing a revised CAIG aircraft
quide this fall; ship, combat vehicle and missile guides wi’l follow
sarly next year. These new guides will contain the enclosed cost
structures and incorporate many of the analysis provisions ans recoriing
formats contained in the "Guidelines for Analysis" developed for the
CAIG b, the Logistics Management Institute (LMI). Particular atieansten
shzuld be paid tou: the System Program Definition Statement; the raquire-
ment for a pre-CAIG mesting to determine the groundrules for the 245
cost analysis tc be conducted for che DSARC/CAIG; and the maintenance
sizing methodology.

I recommend a thorough review 0f the LM guidelines now as 2 |
preview of forthcoming CAIG/DSARC and 05D weapon systems aralysis
requirements. If you have not recasived copies of the LM! renorts,
please contact Frank Swofford at extension 52512,
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Finally, 1 ask that Service CAIG representatives distribute the new
cost structures to their respective system command and program manager
organizations. It is important to obtain future PM cost estimates in a
form consistent with those prepared by the independent cost teams.

.

K Milton A. Margolfs

: Chairman
© . 0SD Cost Analysis Improvement Croup

Enclosures (4)

s

i 4 2 i =i



AIR-LAUNCHED MISSILE OPERATING AND SUPPORT

301

302

303

304

305

306
307

308.

COST ELEThZnY STrulivxe

Oparations

- 301.1  Operational Training
- 301.2  Handling and Inspection

301.3 Personnel Support

Below Depot Maintenance

302.1 Missile Maintenance Manpower
302.2 Munition Maintenance Manpower
302.3 Maintenance-Materiel

302.4 Personnel Support

Installations Support

303.1 Base QOperating Support
303.2 Real Property Maintenance
303.3  Personnel Support

Depot Maintenance
304.) Manpower
304.2 lMateriel

Depot Suppiy Support

305.1 Equipment Distribution
305.2 Equipment Management
305.3 Technical Support

Second Destination Transportation

Personnel Support and Training
307.1 Individual Training
307.2 Health Care

307.3 Personnel Activities
307.4 Personnel Support

Sustaining Investments
308.1 Replenishment Spares
308.2 Modifications

308.3 . Replenishment Ground Support Equipments

119
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‘ ATR-LAUNCHED MISSILE OPERATING AND SUPPORT
et ' . COST ELERENT DEFINITIONS

300 OPERATING AND SUPPODRT: The variadle cost of supporting the air-launched
' missile operation of a deployed aircraft unit. 1/

301 OQPERATIONS
301.1 Operational Training:. The cost of: a) operational firings
including such costs as range operation, instrumentation,
drone and recovery costs; b? captive flight training plan-
ing, scheduling and evaluation costs. :

301.2 HKandling and Inspection: The cost of manpower and con-
sumable materiel needed to conduct missile launch and
recovery operations in the deployed unit. Included are
such tasks as: Removing missiles from storage; missile
inspection; missile assembly; transporting missiles to
the ajrcraft; missile uploading; and missile check out
and arming prior to a captive flight or firing. This
cost also includes a sirilar series of tasks to download
the missile and return it to storage i not fired.

- 301.2.1 Manpower: The pay and allowances of missile
handling and inspection personnel.

301.2.2 Materiel: The cost of materiel consuwed in
the missile handling and inspection operation.
Excludes the cost of reparable spares which
are included in cost element 308.1, Replenish-
ment spares.

301.3 Personnel Support: The cost of supplies, services, and
equipment needed for support of missile handling and
inspection personnel. Included are acdninistrative supply
items; expendable office machines and equipment; custocial
services; and personnel-oriented support items such as
desks and chairs.

302 BELOW NEPOT MAINTENANCE

302.1 Missile ‘aintenance Manpower

302.1.1 Organizational/AIMD: The cost of paying the per-
sonne] needeC for maintenance of aircraft missile
release systems; missile and missile components;
and missile support equipment of the deployed
aircraft unit. Included are the costs of super-
visory personnel needed for such functions as
missile-relatad mainterance supervision and con-
trol; missile quality control; and missile mainte~
nance analyses.

7 pane e R PITY
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303

304

302.2

302.3

302.4.

121

302.1.2 Intermediate Mainténance: The cost of paying
the personnel neeced for missile anc missile
component checkout and repair at Naval Weapen
Stations and Mobile Missile aintenance units.

Mynitions Maintenance Manoower: The cost of paying
the personnel needed for handling and maintenance of
missile warheads. Inclided are the costs of parsonnel
reedad to supervise warhead maintenance, storage and
disposal.

Maintenance Materiel: The cost of purchasing material.
from the General and System Support Divisions of the
stock funds. This cost includes all non-reparable ex-
pense items consumed in the missile and warhead repair
process. Excludes reparable spares costs which are in-
cluded in cost element 308.) (Replenishment Spares).

Personnel Suooort: The cost of supplies, services and
equipment needed to support below-depot maintenance per-
sonnel, Examples of included costs are administrative
supply items; travel expenses; expendable office machines
and equipment; rustodial services; and other variabie
personnel-oriented support costs incurred at the mainte-
nance activities.

INSTALLATIONS SUPPQRT

303.1

303.2

303.3

Base Ooerating Support: The cost of installation personnel
necessary to directly support missile handling and in-
spection and below-depot maintenance personnel. Examoles
of installation functions which directly support the unit
include food services, custodial services, supply, motor
pool, payroll, ADP and communication operations.

Real Property Maintenance: The variable cost of construc-
tion, maintenance and operation of real property facilities
and related management, engineering and support vork in-
cluding contracted services that support the missile
handling, inspection, maintenance and storage functions.

Personnel Suponort: The cost of suoplies and equipment
needed to support installation support personnel. Examples
of included costs are administrative supply items and ex-
pendable office machinos and equipment.

DEPOT MAINTE!NANCE: The cost of manpower and materiel needed to

perform missile and missile component and suppert equipment main-

tenance at 000 centralized repair depots and contractor repair
facilities.

304.1

Manpower: The cost of paying the perscnnel needed to per-
form major overhaul; repair; modification; calibration;
inspaction; and storage and disposal of missiie anc ~issile
components and support equiament. Includes a pro rata

i G MM
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Lo il share of variable depot facility overhead costs.

304.2 Materiel: The cost of materiel consumed in the depo:

overhaul, repair, inspection and storage and disposal E
process.

305 DEPOT SUPPLY: The cost of manpower and materiel neeced to buy,
store, package, manage and control the supplies, spares and "
repair parts used in operating and maintaining misssiles and K
missile components and support equipment; and to provide sus- '

taining (service} engineering and technical data support for 3
missile systems. . _ s

305.1 Equipment Distribution: The cost of manpower and meteriel :
needed to fi1]l requisitions for missile and missile sup-
port equipment supplies, spares and repair parts. In-
cluded are receiving, unpacking, storage, inspection,
packing and crating and issuing costs.

p—
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305.2 Equipment Management: The cost of manpower and materse) ..
needed to manage the procurement of missile and missile ;-
support equipment supplies, spares and repair parts ).
and maintain control and accountability of these assets. :

305.3 TJechnical Supoort: The cost of sustaining (service)
engineering and technical data and documents needed to
perform sustaining engineering and maintenance on missile
and missile component and support equipment.

306 SECOND DESTINATION TRANSPORTATION: The round trip cost of trans-
porting missiles, missile support equipment and reparable secondary
items to the depot maintenance facilities and back to the opera-
tional unit, Naval Weapons stations or Service stock points;
and the one-way cost of transporting repair parts from Service

stock points to depot and below depot maintenance and supply
activities.

eysdigh =t 20

307  PERSOMNEL SUPPORT AND TRAINING: The variable cost of training,
moving and providing health care for personnel needed to replace .

missile handling, inspection, below-depot maintenance and installa-
tion support personnel.

307.1  Individual Training: 2/ The variable cost of recruit anc
technical (skill) training including:

- 0 the pay of personnel in training who will replace
missile handiing and inspection, below-depot mainte-
nance and installation support personnel

0 the cost of their instruction
0 the pay of instructor personnel
307.2 Health Care: The variable cost of providing medical

support to: missile handling and inspection, below-
depot maintenance, installation personnel and training

PR YIRS
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pipeline personnel including:
0 the pay of medical personnel who provide this
support

.

. 0 the cost of medical materiel

- 307.3

307.4

SUSTAINI

Personnel Activities: The costs incident to the PCS of:

missile handling and inspection and below-depot mainte-

nance personnel either individually or as an organized

unit; installation personnel; and training pipeline
personnel.

Personnel Support: The cost of supplies, services and

equipment needed to support instructor, trainee and
medical personnel. Examples of these costs are admini-
strative supply, expendable office equipment and machines,
and custodial services.

NG INVESTMENTS: The'cost,of procurﬁng.spares. modifica-

tion kits and materiel and ground support equipment for missile

support.

308.1

308.2

308.3

Replenishment Spares: The cost of procuring missile spares

and repair parts which are normally repaired and returneg
to stock. In addition, this cost can include procurement
of stock levels that are not provided by initial spares
procurement.

Modification Kits and Materiel: The cost of modifying

missiles, missile support equipment, and training equip-
ment that are in the operating inventory to make them
safe for continued operation, to enable them to per-
form their missions and to improve reliability or reduce
maintenance cost. Includes spares.

Replenishment Ground Supoort Eguioment: The cost of
procuring missile ground servicing equipment, maintenance
and repair shop equipment, instruments and iaboratory
test equipment, and other equipment items including spares.
Covaers such items as ground generators and test sets for
missile checkout. These equipment demands are generated
by a need to: (1) replace peculiar support equipment
bought using procurement funds; (2) obtain common off-the-
shelf ground equipment that are needed to support missile
operations as production aircraft arrive in the operating
inventory; and (3) replenish common ground equipment that
is no longer useable.

123
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< NOTES: '
1/ A deployed aircraft unit consists of any unit operating in the field i

for combat, training or other operating purpose. To determine the Q&S s
cost of the air-launched tactical missile under consideration, a typical =2u
deployed aircraft unit operation will be assumed. . The 0&S estimate will = ¢
reflect the portion of the aircraft unit Q&S cost that is missile related” &
as wall as the variable 0&S cost of training at National Test Ranges. 2

an initial cadre of skilled personnel to: (1) operate and maintain a

missile system when operationally deployed or (2) initially man Services
missile system-related training courses, is paid for by both investment !
and 0&M funds. Contractor instructor pay and the cost of instruction at =
contractor facilities is categorized as an investment cost; the.pay of.. i

Service military and civilian personnel attending the factory schools i
is an 04&S cost. .

2/ Factory training provided by contractors at their facilities to qualify :3
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APPENDIX B

NAVY AIR-LAUNCHED MISSILE
0&S COST ELEMENT STRUCTURE
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TABLE B=-]
) NAVY OPERATING AND SUPPORT COST ELEMENT
STRUCTURE FOR AIR-LAUNCHED MISSILES
Appro- Budget Accounting

priation Category! Claimant? Visibility3

i o erations
2
1. Handling and Inspection MPN CINC A
2. Operational Training MPN, O&MN CINC, NAVAIR A, D/A
o Below-Depot Maintenance NAVSEA
3. Organizational/AIMD Maint. MPN, O&MN OP-01, NAVAIR A
4, Intermediate Maintenance O&MN 7/A72 NAVAIR 4104 D
o Installations Support
5. Base Operating Support MPN, O&MN CINC, NAVAIR I 3
o Depot Maintenance NAVSEA 3
3 6. Depot Maintenance O&MN 7/A/2 NAVAIR 4104 D ]
E; o Depot Supply and Techuical Support
£ ]
£ 7. Supply Depot Ops O&MN 7/E/1,2,3 NAVSUP A/T 3
E; 8. Technical Support }
: Fleet Support 0&MN 7/A/2 NAVAIR 4104 D !
3 Engineering Support O&MN 7/4/2 NAVAIR 4104 D ]
3 Quality Evaluation O&MN 7/A/4 NAVAIR 4104 D ;
Program Management MPN, O&MN NAVAIR D/A
o Second Destination Transportation ;
9. Transportation O&MN 7/E/3 NAVSUP A ;
10. Receipt, Segregation, Storage O&MN, MPN 7/B/1 NAVSEA 04J A
§ Issue 1
o Personnel Support Training :
11. Replacement Training MPN,O&MN 8/A/2,2/E CNET AlT 3
12. Health Care MPN, O&MN BUMED I
13. Personnel Support MPN, O&MN orP-01 I
o Sustaining Invegtments
14. Replenishment Spares WPN 2 NAVAIR 412 D/A é
! 15. Modifications WPN,O8MN  2,7/A/2  NAVAIR 412 D i
- 16. Replenishment Ground Support WPN NAVAIR 4104 A ]
3 Equipment 3
1
1 17/4/2 refers to Budget Program 7, Budget Activity A, Budget Project 2
2Claimants: CINC - the Commander-in-chiefs of the Naval Fleets 3
; NAVAIR - Naval Air Systems Command |
’ NAVSEA - Naval Ses Systems Command P
. CNET - Chief of Naval Education and Training :
: NAVSUP - Naval Supply Systems Command {
BUMED - Bureau of Medicine and Surgery ]
OP-01 - DCNO Manpower Personrel and Training
' = Direct Cost with individual weapon system visibility

)
A = Direct Cost without individual weapon system visibility; must be allocated
I = 1nd}re;t
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DEFINITIONS

Handling and Inspection - The cost of persomnel and consumable material

needed to perform the following tasks: removing missiles from storage;
missile inspection; missile assembly; transporting missiles to the air-
craft; missile uploading; and missile check out and arming prior to a
captive flight or firing. This cost also includes a similar series of
tasks to download the missile and return it to storage if not fired.

These tasks are performed at the Naval Air Station and aboard a carrier.

Operational Training - The cost of operafional firings consisting of range
cost, instrumentation, target presentation, recovery, and any other support.
This would also include any shipboard or NAS familiarization training for
missile operational personnel.

Organizational /AIMD Maintenance - This 1s the cost of labor and consumable

material required at the Squadron and CVA/NAS Intermediate Maintenance
Activity to perform maintenance on the missile or its associated equipment.
The concept of the all-up-round theoretically precludes this type of main-
tenance, but nevertheless, there are some maintenance functions which are
performed when the missile fails a pre-flight test. Also organizational
and intermediate level maintenance is required on missile-~dedicated air-

craft equipment.

Intermediate Maintenance - The cost of personnel, consumable material and

station overhead required to perform missile and missile component checkout

and repair at the Naval Weapons Stations. This includes such procedures

as the functional test of the assembled round, fault isolation of the failed

rounds, removal and replacement of faulty major subgroups such as the flight
control group of the guidance section, and fault confirmation and other

support from the Weapons Quality Evaluation Center (WQEC).
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Base Operating Support - The cost of installation personnel and material

necessary to directly support missile handling and inspection and below-
depot maintenance personnel. Examples of installation functions which
directly support the unit include food services, custodial services, sup-
ply, motor pool, payroll, ADP and communication operations. It also in-
cludes a proportional share of work center cogts such as real property
maintenance, etc. This cost may be estimated by utilizing the Base

Operating Support factcrs in the Navy Resource Model (NARM) Program

Factors Manual.

Depot Maintenance - The cost of manpower,material, and overhead needed

to perform missile and missile component and support equipment mainte-

nance at Navy and contractor repair facilities.

Supply Depot Operations - The cost of manpower and material needed to

buy, store, package, manage and control supplies, spares and repair parts
used in operating and maintaining missiles and missile components and

support equipment.

Technical Support - The cost of a number of technically oriented programs

usually centrally managed by the Systems Command or one of its field
activities.

Fleet Support - The cost of on-site technical personnel (usually Navy

civilians) who provide technical advice and assistance in the

operation and maintenance of the weapon system.

Engineering Support - The cost of engineering support is comprised of

two major areas ~ maintenance engineering and design engineering.
The former consists of efforts at the various Naval engineering
activities in support of the missile maintenance systems and 1is
funded through NAVAIR 410, while the latter is concerned with en-
gineering for the missile itself, i.e, the design and ccnfiguration
matters, and is funded by the NAVAIR 510,
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Quality Evaluation - The cost of the Navy Weapons Quality Program

whose purpose is to monitor the status and condition of the air-
launched weapon stockpile. Principal activities include maintenance/
reliability/performance trend analysis, calibration of test equip-~
ment, destructive testing of missile sections, certification of NWS

B Sl ¥ g LY Y
oy

failures and related data collection and analysis.

Program Management - The 04&S cost of missile-specific project manage-
ment both at the SYSCOM level and below.

k-l - il

9. Transportation - This is the cost of second destination transportation

which primarily consists of transporting the missiles or missile sections

from the Naval Weapons Stations to the depots and back.

10. Receipt, Segregation, Storage & Issue - Personnel and material costs of

o

nETRTT L

on-loadings and off-loadings of ships, movement and handling of missiles

T

to and from storage depots and NWS's, and storage.

11. Replacement Training - The variable cost of recruit and technical training

including:

o the pay of personnel in training who will replace missile
operations, below-depot maintenance and installation support

personnel;
o the cost of their _nstruction; and

JEUPETRTET

I laysrnugr o

o the pay of instructor personnel.

This cost may be estimated utilizing the factors in the Navy Resource Model

(NARM) Program Factors Manual.

g 12. Health Care - The variable cost of providing medical support to: missile

operation, below-depot maintenance and installation personnel; and training

pipeline personnel including:
o the pay of medical personnel who provide this support; and

R

H 0 the cost of medical material.
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13.

14.

15.

le.

This cost may be estimated utilizing the factors in the Navy Resource
Model (NARM) Program Factors Manual.

Personnel Support - The costs incident to the PCS of: missile operation

and below-depot maintenance personnel either individually or as an organ-
ized unit; installation personnel; and training pipeline personnel. This
cost may be estimated utilizing the factors in the Navy Resource Model
(NARM) Program Factors Manual.

Replenishment Spares - The cost of procuring missile spares and repair

parts which are normaily repaired and returned to stock. Iun addition,
this cost can include procurement of stock levels that are not provided

by initial spares procurement.

Modifications - The cost of modifying missiles, missile support equip~-

ment, and training equipment that are in the operating inventory to make
them safe for continued operation, to enable them to perform their mis-
sions and to improve reliabilicty or reduce maintenance cost. This includes

labor, wodification kits, and consumable material.

Replenishment Ground Support Equipmert - The cost of procuring missile

ground servicing equipment, maintenance and repair shop equipment, in-
struments and laboratory test equipment, and other equipme:.t items.

These equipment demands are generated by a need to: (1) replace peculiar
suppert equipment bought using procurement funds; (2) obtain common off-
the-shelf ground equipment that are needed to support missile operations;

and (3) replenish common ground equipment that is no longer uceable.
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TABLE C-2

NAVAL WEAPONS STATION MAINTENANCE COSTS
FROM FY77 CONGRESSIONAL BUDGET SUBMISSION
NAVAL AIR SYSTEMS COMMAND

(FY798)
FY75 FY76 FYTQ 77

SIDEWINDER

Quantity 1,750 1,823 551 3,591

Unit Cost 732 711 . 677 704

Total Cost (S$K) 1,282 1,296 373 2,527
SPARROW (Air)

Quantity 2,730 3,066 887 4,016

Unit Cost 1,191 1,155 1,100 1,144

Total Cost ($K) 3,250 3,542 965 4,592
WALLEYE I

Quantity 983 218 213 310

Unit Cost 799 775 741 7€3

Total Cost ($K) 785 169 158 237
SHRIKE

Quantity 1,813 838 14 303

Unit Cost 609 591 612 585

Total Cost ($K) 1,105 496 8 178
STANDARD ARM

Quantity 298 34 22 206

Unit Cost 2,951 2,843 2,722 2,830

Total Cost ($K) 878 97 60 583
PHOENIX

Quantity 200 7 3 20

Unit Cost 2,517 2,448 2,304 2,221

Total Cost ($K) 503 17 7 IAA
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TABLE C-3 i
4 NAVAL WEAPONS STATION MAINTENANCE COSTS :
FROM FY78 OSD BUDGET SUBMISSION,NAVAL AIR SYSTEMS COMMAND ;
(FY79$) 3
1
- 8 SIDEWINDER g
Quantity 2,434 351 1,945 2,186 §
Unit Cost 908 942 909 919 :
\ Total Cost ($K) 2,212 331 1,769 2,009 é
SPARROW (Air) §
Quantity 2,103 396 1,973 1,286 i
Unit Cost 1,275 1,498 1,273 1,282
' Total Cost ($K) 2,683 558 2,513 1,648
WALLEYE 1
Quanticy 782 124 658 1,157 ‘
Unit Cost 760 780 732 806 !
g Total Cost ($K) 595 99 482 933
WALLEYE II
Quantity 103 25 436 611
Unit Cost 1,141 1,336 1,212 1,228
Total Cost ($K) 118 33 528 750
SHRIKE
Quantity 696 396 1,261 1,392
Unit Cost 775 702 827 833
Total Cost ($K) 540 278 1,042 1,160
STANDARD ARM
Quantity 35 12 149 292
Unit Cost 2,728 2,688 2,706 2,726
Total Cost ($K) 95 32 403 796
PHOENTX
Quantity 21¢ — 470 793
Unit Cost 1,496 —_ 1,502 1,516
Total Cost ($K) 323 —_ 706 1,202
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TABLE C-4

NAVAL WEAPONS STATION MAINTENANCE COS1TS
FROM FY79 CONGRESSIONAL BUDGET SUBMISSION
NAVAL AIR SYSTEMS COMMAND

(FY79$)
FY77 78

SIDEWINDER

Quantity 1,439 1,626

Unit Cost 1,032 1,029

Total Cost (S$K) 1,485 1,672
SPARROW (Air)

Quantity 1,152 1,286

Unit Cost 1,917 1,821

Total Cost ($K) 2,207 2,343
WALLEYE I

Quantity 717 833

Unit Cost 1,227 1,132

Total Cost ($K) 879 943
WALLEYE II

Quantity 33 29¢

Unit Cost 1,026 1,521

Total Cest ($K) 85 448
SHRIKE

Quantity 808 781

Unit Cost 1,318 1,397

Total Cost ($K) 1 165 1,091
STANDARD ARM

Quantity 17 85

Unit Cost 19,428 3,529

Total Cost ($K) 330 300
PHOENIX

Quantity 339 678

Unit Cost 1,647 1,594

Total Cost ($K) 558 1,081

1,632
1,002
1,635

1,433
1,773
2,561

577
1,102
636

258
1,481
382

964
1,360
1,311

75
3,436
258

967
1,552
1,501

T T
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NAVAL WEAPONS STATION MAINTENANCE - UNIT COSTS

SIDEWINDER

SPARROW

WALLEYE I

WALLEYE 11

SHRIKE

STANDARD ARM

PHOENIX

*Not Included in average

TABLE C-35

(FY79$%)
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TABLE C-6
MISSILE MAINTENANCE DUE DATES

Test Internal

Missile Prior to lssue!
SIDEWINDER 180 days
AiIM~9D/G/H

SPARROW III 180 days

AIM-7E/E2/E3/E4

STANDARD ARM 24 mos.
AGM-78/B/C/D

WALLEYE 210 days
MK-1 MOD 9/2 (p~ >r serv.)
MK-1 MOD 6/7

MK-2 MOD 0 420 day:
MK-13 MOD 0O (no serv.
MK-5 MOD 4

SHRIKE 27 mos.
AGM-45A/B

PHOENIX 50 days
AIM-54

BULLPUP

G&C

Cert. Time?

24 mos.

24 mos.

24 mos.

36 mos.

36 mos.

14 mos.

36 m